k Searching PAJ 1 / 1 ^— V 

PATENT ABSTRACTS OF JAPAN 

(1 1 publication number : 2004-0381 42 

(43)Date of publication of application : 05.02.2004 



(51)Int.CI. G03F 7/075 

G03F 7/039 
H01L 21/027 



(21 Application number : 2003-054512 « (7 T Applicant : SHIPLEY CO LLC 

(22)Date of filing : 28.02.2003 (72)Inventor : BARCLAY GEORGE G 

KANAGASABAPATHY SUBAREDDY 
MATTHEW A KING 



(30)Priority 

Priority number : 2002 361591 Priority date : 03.03.2002 Priority country : US 



(54) METHOD FOR PREPARING POLYSILOXANE AND PHOTORESIST COMPOSITION COMPRISING SAME 

(57)Abstract 
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(C, ~C 6 ) T)V3r)V>wv**- fxxr^X(i7'J h-x^/u^sf* 
, tE*K^c3|f3lWK:7y*m: ^*»*it#4o R 1 (C, ~C 8 ) r;w*)V (C. 
H 4 OZ) T&S t %<D%j-&%&k LXit, 7 ^ h *o v;K 7x-H^ 

h^>-v;p. h 'J y^jrnj f jvxj^tt v->K ^fj^;v*tF7i 

)K ^XJi/*tf7x-;K h u ;vt<. h y ^xwk *>7r-7JV*tl > 7x 
x.;K xfMJKtth7x-JV, 7nifjVXA'*tb7x-;v, l>'j7Wn>f^ 
Mtf7x- ;k if-^A-^t f 7ix^xf jv, 7'nif;v^;v*t f7xx;i/xf 
)v^.z/h 'J y )\sjrv Jf-frxfrfri- h — >WJt;f-JW^**#»f f>*L4* s , 
ti&v> 0 R 1 no^Tw-ffeoflfiSfc&fc LTtt, y^;K x^;k MJ7Ho^fK 
2, 2, 2 - f'j7JV*nxf jp, ^>^7Moxf;K 7xxjP, 'OvJV, 
h 'J F'J7Hn^f-Ji/7xx)K ^ F^->7xxjV, h U 7;Vio^ 
7xx;u, y;w-}OVx.;K n^^r 1, 2, 2- > U y n fcfxwv^K 5.W 

S b < f^, x,^;k h'J7Wn^fji/, 2, 2, 2 ■ f'J7^oxf-JK /<> 
9 y fr* nxfju, 7i-)K ^>v;k 7 .x * f- ;k f 'J h'j7^tn>f ;v7x 
— )K h^Jl/^n^ h^->7xxjv, ./ ;i>jK;1/x.;K v-^ n^3=- •>A'SO f 1 , 2, 2- 
h y 7>w*ntr x.;i/*«^»f kft&as. d*Lf>^RRSE$*t>5:^o #^$fil^^ I IOt/v 
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~C 6 ) t;v*;v*{±. -C (CF, ) , OH»f>ii*^ i*ifefcl!lg**L4v> 0 

[0 0 5 0 ] 

JB*»H ovarii, WJv-fc LTt^ »«£14Xtt&§S1&&*-£ 
^rte^ey^-, 2 4 8 nm^i •? *Sfifeftn*^r>f * - y$*L* y* h h 

io o 5 1 r 



££-c% r 2 ammm^& ; ^^*^r' «slth, f, (C, ~c 6 ) r;v*;v 

, (C, ~C 6 ) T)V^*i/, (C, ~C 6 ) TJW+JK H FD^ry^n (C, ~C 

6 ) r^/uXfi^n (c, ~C 6 ) r;w3*->^e>il^^ n. ; Zti^twR* ti&:fcL 
THXliF^ibl^ja^tif^R 1 0 (±*4j£LTH> F, CH,\ CF,, CHF 
, S^CH 2 F*fc*f***L; ®.D f p = 0^'b2T^So SJ£L<li, p = 0Xlii, R 
»)$fS L< lip = 1 X-$>&o R s J±, -xf^K ^nf^Xli-y^o^ymSi 

i: * A ^ t v its >*>ot£>»K ^tLTIi; a) -C 
(0) OC (CH 3 ) 3 ; - ch (CH, ) 0 (C, ~c 6 ) tj^;v; -CH 2 C (0 
) OC (CH,-) 3 ; - (C, H 8 0 ( rrh7t Knif^-^J ) Xti^? hffrhM 

]R2ti2>&: b) 6 &±<oMmmtt&+*&nKW&9tifcmk&T fit 

i^i-T->u»*»i»iaiBtK*S : ?^ia»ft#?*tTv»i ; c) e*fcflHfe3*Lfc.7 * > 

; d) fti:ng&3*ifc7.x^;v ; e) fi&$;Krf:3, 2, o«tf>»t*; f) 
flHftStLfc^Jt^T 1 nlBJUAJIf : g) 3Xtt4«oH^*lR-?**-r4ff#til»* 
tLtii*s9UTA'*A>&l RU^h) tt*Hll*5*tfc2, 2, 1 - fcfta** 



H^*S^A«3ffi^**3l1Hfe* (BP*>> C HR R ' R ' ' iiTR, R ' > RlfR ' ' 

r&ESfcJ 0fc*fc3IJB3*t* &<3ttJt$J^*Mte<^IMt3Kiajft£ (IP-*>CRR ' R ' ' 
R ' ' ' iitR, R R ' ' 73LVR ' ' ' teZtl^Hm-Xlim* UJlO^fl-FJUi 



[ft 4 J 




[0 0 5 2] 



[ 0 0 5 3 ] 
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[0 0 5 4 ] 

R, R ' > R ' R ' ' (IP*>, CH 2 RR', CHRR'R' ' , CRR'R' 

R ' ' ') »±, Zti^tiMmr Mt6\zn (c, -C, 0 ) t^*;k 

Wfcli (C, ~C 6 ) 7MK li:J:>J*I65i:iil, 2, 3 Xti 4 -IS^fcJS^** 

Ji«S3S-6-LTV»aj|llzgjfti)t**'ft'*i-*ffa4:*i«l4fc LTIi. ^ (IV) ~ (X), 
[0 0 5 5] 

Mb 5] 
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(IV) 



(V) 



>+< 




(VII) 




(VIII) 



(IX) 




(X) 



[ 0 0 5 6 ] 



- 2 - 73- )V ; 2, 3, 3 

3 - ^■f-jv - 3 - tyf-iis ; 2 , 3 , 

4 - s<y 9 )V - 3 - ^ > -f - ;v ; i 
- 1 - s s9 wiVf-fr ; 1 , 2 , 5 - 
'J^f ;v- y^n^>fjv; 2, 2, 
p{ ^ ;v - l - Z/ i? n ^ 3r ;w ; l , 2 
'J > ^ - 1 - n^^r v;u ; l , 
1,2, 2 , 6 , 6 - s<> 9 * f-)\> - 



hU^f 2 - y f - ;v ; 2 - p« f - ;w - 2 

4 - h 'J * -f- )\> - 3 - ^ > ; 2, 2 

1 - ;* )V - 1 - *y ? o ^ y ;w ; l, 2 
- h ;w - 1 - n^>"f-;w ; l, 

5, 5 - f /I' - 1 

2 -y^f;i/- 1. -->^nA^->;v; 1, 2 , 6 



2, 3 - v 

- 7f->U ; 
. 3, 4, 

- y^f 
2, 2 - h 

1 - 
- h 



2, 2, 6 - f^^fiv - 1 - yyOA^yji/; 
1 - u^*-s)V ; frXf 2 , 4, 6 - h'J^f ^ 



[ 0 0 5 7 ] 

1 j^uie^y^-* *u i^uaiot/^-x^i i i i JBLto* y**- 

[ 0 0 5 8 ] 

Mb 6] 
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(R'SIOao) (Q 
[0 0 5 9 ] 

iit, R 1 fi (C, 

6 ) r)v^r^)v^ g& (c, ~C ) t;w^-;k y^.-)V, C 6 (R 7 ) B > (C, ~ 
C 6 ) T)V*)i< (c, (R 7 ) 4 ) ^ (C, ~C ) T)V^r)V (C. H< OZ) . tf~;v 

st^iHft^-^^^aK? ft ; z\t (c ~c 6 ) TM^**^>-f^f^xii7 
'j-^j^^-hi^fM^IRH; R 2 ti*SSt3£-C2b »J ; ^ti-PftoR 7 RV* 
R 8 14, «dfcL"CH, F, (C, ~C 6 ) TJW^K (C, ~C ) 7^=**^ ( 
C ~C 6 ) T;v*JK fc Ka^-^n (C, ~C 6 ) T^^JVSr/^n (C, ~C ) 
Tfr^Hcz/frtbMIRZtiZti^tKVR* 210* 0 H H ', Ztl-?*l 

OR* RX/R 9 liafiLtHXIiF*feII??il ) -e^-rtLOR 6 ^R 1 0 liMLT 
H. F, CH 3 > CF 3 > CHF 2 SlTCH, F*fc»R3*L; m= 0 2 "C* «J ; 3L 

-li, m= 0X14 1 T**ii'&'OJKy v-r^S, J: J9fcHSfc<7)i4, p = 0Xlil, £0*' 
$f 4 L < 14 p = 1 -c**»#o«H , ;*=?--Cife*o 
[0 0 6 0 ] 

£*iib?5*°'J v-M^Tfi, R 1 *J4, #®Kt4^i£J££M^3*Xf4S3Sii1-&?>£ 
Stj^&o ^o-c^ ^ i o-ty £i#jns«- £ f4, «t t^*??^ i -^y-^-^^r 

[0 0 6 1 ] 

frZ&m^mm^tfV "v-fi. HS&fctt 5 0 0 j&*?> 2 0 0, 0 0 O^hvo^IS' 
#UffiL<ttl 0 0 0i>fel'0 0, 0 0 0 >W^t«:ttSo 
[0 0 6 2] 

»9Sfft5*L&-^**^ 0 lot, #7* h-f >-^Tirte*ftJft«HiiXJi2Jei±<o 
'Jv- £ t § £ o 2 &±<7)Sfg-^ * 'Jv- jfitiim $ t * > ^ 
£< H-oit a^ftWoa**** 1 ; v--c&£ 0 OilWJv-li, «ffl<7) 

[0 0 6 3 ] 

wti^o i *nk.z>7* Yifc'm&frijK *§&wv>y* -s>iffi)&ia#*fcj3v>T 

[0 0 6 4 ] 





<Wj) (II) iskw (HI) 

-Co) t;v*;k Wfc (C ~C . ) 7;v*)K (C 
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)V7 7 - 7?* A, N - (2 - T'J )Pxf T ^ K> T'J-JVTyKM, N - 7 
[0 0 6 5 ] 

#l&iiK3lrffi^ 7* M^^&iti, HMfiwi£j3 2 0-6^4 2 o f / ^ - M^-e&& 

%7 * hM^Mt LTI±, Any>ft 1- y 7yV, 4" — ^ A:fcSU * /nfc >-fbx^ r 
ovn n ^ wt* - * -> # ;v -> -Y 5 K*mi»f h 0 
[0 0 6 6] 

An^y£ h V 7->'>O0!!i: Ltli, 2- (1- (3, 4-^^*7^) ) -4 
, 6 - tf* (F'J ^ nn^ ^;v) - l , 2 , 5 - r V TVs^ 2 - ( 1 - ( 2 , 3 - ^> 
*f s J**V U )W) ) - 4, 6 - If* ( h U ?nn^f*) - 1 , 3 , 5 - h'JT^'A 2 

- (l- (3, 4 - ^>v^*v y ;v) ) - 4,. 6 - tf* ( r y /n^^fjv) • 1, 

3, 5-M;Tv>. 2- (1- (2, 3 - ^> V'v^-^r V V )V) ) -4, 6 - tf* ( h 
'jT'Dt^fA') -1, 3, 5 • h'JTv'V, 2- (2 - 7;V7^ WJf/) -4, 
6-a (F'J^nn^fjl/) - 1 , 3 , 5 - F'JTvA 2 - (2 - (5 -^f^7'J 
;u) xf'Jf>) - 4, 6 - tf* (h 'J^no^fjP) ■ 1, 3, 5 - h'JTvV, 2 - 
(2 - (4 - ^ f ;V7 y ;v) xf y f >) - 4 , 6 ■ ^ (>'J^on^f;v) - 1 , 3 

, 5 ■ h'JT^A 2 - ( 2 - (3 JV7'J;V) xf 'Jf>) - 4 , 6 - tf * (>V 

^nnjtf ju) -l, 3, 5 • f'JTvA 2 - (2- (4, 5 - y^f JV7'J;V) xf 
'Jf>) -4, 6-a (fnnn^f)V) -1,-3, 5 ■ h'JTvA 2 - (2 - ( 
5 - * h+->7 'J ;v) xf 'J T>) - 4 , 6 - tf* ( h y ^ nn y f ;v) - l , 3 , 5 - 

h y rvy, 2 - ( 2 - (4 - * h*is7 y ;v) xf y r» - a, 6 - tf* ( h y * n 

n^f-;i/) -l, 3 , 5 - h y Tv>-^ 2 - (2- (3 h^v7'J;v) xf'Jf>) 

- 4 , 6 - tf * ( h y * n n ^ f ;v) - l, 3 , 5 - HJ7y>, 2 - ( 2 - ( 4 , 5 - 

f^fy7'J )V) xf 'J f*>) - 4 , 6 - tf* (h'J ;nn>f^) -1,3, 5 - r 
'J7y>, 2- (2 - 7>7 JVxf ; T>) -4, 6 - tfT, ( h y 7*o ^ fJV) -1 
, 3 , 5 - f'JTy'A 2 - ( 2 - (5 - * f JW? >J )W) if'J f >) - 4 , 6 - tf* ( 
f'J7n^^f JV) -1, 3, 5 • PJTvA 2- (2- (4 -^f^7'JM xf'J 
f >) - 4 , 6 - t*7 th y /n^ f jt/) - l , 3 , 5 - h >J Tv>, 2 - (2 - (3 

- ^f^7'JJV) xf/fv) - 4, 6-^ (f'J/n^^f^) - l, 3, 5 - h 'J 
7yV, 2 - (2 - (4, 5-y^h+y7'JJl/) xfjf/) -4, 6 - tf* ( h y 7* 
n^f;v) - l, 3, 5- h'JTy'A 2- (2- (5 -^^y7'J;V) xf'Jf> 
) - 4 , 6 - tf* ( h ';'7*nt>f*) - 1 , 3 , 5 - h y Tv>> 2 - ( 2 - (4 - * 

hfy7'JJV) xf ijfy) -4, 6 - tf* ( h y f ;v) -1, 3, 5 - h 'J 7 

; jy, 2 - (2 - (3 - * f^fy7'J xf'jr/) - 4, 6 - tf* ( h y 7nt^ f 
;v) -1, 3, 5- h'J7y*A 2- (2- (4, 5 - V* Y*i/7 'J xf y T>) 

- 4, 6 - tf* (h y -fv^pi f ;v) - 1 , 3, 5 - h y 7v'A 2, 4, 6 - b 'J* - 
(MJ^nn^f;v) l, 3, 5 - F'J7yA 2, 4, 6 - f 'J X ■ (h'jrn^^f 

;W 1 , 3 , 5 - 1- y 7'^A 2 - 7ix;v - 4 , 6 - If* ( > V ? n ny f ;p) - l , 
3 , 5-f'J7yV, 2-7x^-4, 6 - tf * ( h y 7 ;* f ;w) - l , 3 , 5 - 
h 'J TVy, 2 - (4 - * F^y7x^) - 4 , 6 - tf* (h'J ^nn^fji/) - l , 
3, 5 - HJ7-/A 2- (4 - * -4, 6 - tf X ( h y > f ;v 

) - 1 , 3 , 5 - f 'J7-7A 2 - ( 1 - f 7 f ;v) - 4 , 6 - tf * ( h y ^ n n f ;v 
) - 1 , 3 , 5 - h 'J TV'A 2 - ( 1 - t7f^) - 4 , 6 - tf* ( h 'J 7*n^^f^ 
) - 1 , 3, 5 - h 'J T-Jy. 2 - (4 - ^ - 1 - t7fM - 4, 6 - tf 7. ( h 

y ^ n n ^ f Jl/) - 1 , 3 , 5 - HJ7v>, 2 - ( 4 - p< h is - 1 - f 7f )V) - 4 
, 6 - tf * ( h y -fn > f ;u) - l , 3 , 5 - F'J7y'A 2 - ( 4 - * n n 7 s. - ;u 
) - 4 , 6 - If* ( h y 7"nt^ f JV) - 1 , 3 , 5 - h y 7->'^ 2 - 7>f>J ;V - 4 , 
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6 - tf^ (h'J^nn^f jv) - l , 3 , 5 - b 'J7v>, 2 - * U ^ - 4 , 6 - Vf 7. 

(h'jyn^f;v) -i f 3, 5-HJ7i>>\2- ( 4 -*>*■->*•?- 'J -4, 
6 - If* ( h U ^nn^^-;P) - 1 , 3, 5 - h "J JyV, 2 - ( 4 - * ]^:/*iMJ ;w 
) - 4 , 6 - If* ( 1» 'J -fu*:* - 1 , 3 , 5 - > 'J Tv>> 2 - ( 3 , 4 , 5 - 

Mj ^ h *->*•?- U^) -4, 6 -t:^ (h^nn^fik) ■ 1, 3, 5 -F'J7v> 
, 2 - (3, 4, 5 - MJ h^v^f'J H>) - 4 , 6 - If* ( h U 7***:* ^JW) - 1 
, 3 , 5 - h l J7-/>', 2 - ( 3 - * n n - l - 7a -)V) - 4 , 6 - If* ( h V * n n 
- 1, 3, 5 - h , J'7y>iy f 2 - (3 - ^nn7x^JV) -4, 6 - tf* ( h 
'J7nt>f^) - 1, 3, 5 - h'JTy^^W^Jlio *HiKtl!5:tt©h'J7 
■^>^>fy7^8Mli, *M«B*K*v»T#J!RS*t, #A3*L;&#g#fl s fc5, 3 
6 6, 8 4 6t»:*VJTH*$*L4. 

[0 0 6 7 ] 

s - h'Jryvffc^li, 3>&31o> ^ - ^n*^;v - s - h V T-J> t $>hU<VT)V 

, #@#iH&3, 9 5 4, 4 7 Bfl^A/^yf^BM^i, i4 2t, 292 
4~30H(1969#) HPi^^4 v L7t^JlSH^w>p^$tL#^o 
[0 0 6 8 ] 

**\ e*v* % t;v^-^a, jjry^A, r/^A, -^3-^ 
tfj'j&^tf „ SFja4r*-9Aa[^«t ITIi : y7'J-)V- ^7/-9AfiS^ 

*^y-7 J*i&&mfh*l&&, £ *L*> KEB5e£ ft&^o ftM**-? 

&<DMit, ^M^fM, 442, 1 9 7^;t4, 603, lOlf ;$4, 624, 

9 1 2tcH*$ft, f©B^^#l$Ji, *SitciA?^ 0 h'j7^-;u* 

[0 0 6 9] 

# s && 0 SfS[**^*>"fk^*-r^i: ttli : > K t -7fiV7i- 

JWT;V7T- (p - r )V^y^)V^=-)Vt^~y) - 7-tf - YMV 1 t - f^)vr)vy y - 
(p - h;v^>^;v* -;v^^r->) - r-b r - h rt*ptf h H2> H)K Ztlh fcgBjg? *L& V> 
o /W*>flS.x.*T-JHi, *KitK*v>T#]|3 *U » T o u r n a 1 

of Photopolvmer Science and Technologv % 
No. 4, 3 3 3 7 - 3 4 01 (1991^) C*V»tB*Sil4. 
[0 0 7 0 ] 

*%m<0 7 * YmSk£M't LT^ffl ^ jlfli ^ n y y ft7> ^ ;^ ^ y y * y 
5Kt LTIi : 1 ( ( (MJ ? **J-)V) x)V*-)i>) - l H - t: n-;v - 

2, 5 sty in- ( (^7/i'*Dt^J , >^A'*-)i') -5-/;v^;v^ 
>-2, 3 - v*;v^^v-r 5 K ; N - ( (f'J7;i/*n^f;vx;i/*-JV) t^y) - 
5 - - 2, 3 - ->'#;i'#*W 5 K ; l - ( ( (h'J7^n>fjp) 7JV 

*-^) i^y) -2, 5-t'n'JyVyi>; 3 a, 4, 7, 7 a - -r h 9 Kn - 2 
- ( ( ( h 'J 7 )V*u *<f-fr) - 4, 7 - * 9 J - 1 K- 4 > 

K-;u- i, 3 (2H) -->'^->; 2- ( ( (h'J7Mn^fX/) *;w*~^) tf^v 
) - 1 H - "S^X ( f ) 4 V-f > K- - 1 , 3 ( 2 H) - V* y ; 3 , A - *S * - 
1- ( ( ( h 'J 7 )V*xi ff-)V) *;i/*^;v) -lH-tfo — ;i/-2, 5 - v ^" 

> ; 2 - ( ( (f^Wn^ffl') 7^*-^) *+y) ■ lH-^V-f'/K-JV - 1 
, 3 ( 2 H ) 2 - ( ( ( h »; 7 n ^ )v) * ;v) * * -» - l H - 

^?>* (f) >f 7^7 «;>-!, 3 (2 H) - ; 4 , 5, 6 , 7 - T hvt Kn - 
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2 - ( ( ( h 'J 7JHo^f;v) x)\/*=.)V) - 1 H - 7 7 7 7 - 1 , 3 

( 2 H) -y*>; 3 a, 4, 7 , 7 a • r f7t Fo • 2 ■ ( ( (f'j7Hn^fjV 
) -4, 7 - x*^y - 1H-^V^>K-;V - 1, 3(2H) - 

-7*7; 2, 6 - fcf7 - ( ( (f'J7Wn^f^/) t^y) -s<yy"(i 

, 2 - c : 4 . 5 - c ' ) v fcf n - ;V - 1 , 3, 5, 7 ( 2 H, 6H) - tfn>;A^ 
KD - 2, 6 - tf7 - ( ( ( f 'J 7;u* Kfrfc-)^) *3r-7) -4,9- 

^ * J - 1 H - fc'n n ( 4 , 4 - g ) 7 7 * >"J 7 - 1 , 3, 5, 7 (2H, 3 a H, 6 
H) -f 1, 8, 8 - MJ 7 - 3 - ( ( ( h 'J 7;v^D>f jV) 

) t+y) - 3 -Tfty^D (3. 2 . 1 ) * 9 9 7 - 2 , 4 - -7* 7 \ % , 7 - V t 
KD - 2 - ( ( (h'j7WD^f-A') ^W-^) -4, 7 - i^-> • 1 H 

- 7 77 7 K-;v - l , 3 (2 H) - -7*7 ; 3 - ( l - *-7* 7-;v) - 4 - 7x^jp 
-1- ( ( (h'J7Wn^H) ^W-/!') - 1 H - tfn-;v - 2, 5 - V 

t> ; 3, 4 - ■77xijP - l - .( ( ( h y 7Wn^f)V) **-7) - l 

H - tf n — ;v - 2 , 5 - 7* 7 ; 5 , 5 ' - (2, 2 , 2 - h'J7^n- l - ( MJ 7 
Hn^fjP) aif-ijT*^) (2 - ( ( (h'j7^n^f^) x;P*^)W) 4" * -> 

) - 1 H - 7 7 7 7 K-;v - 1 , 3 (.2 H) - v*7 ; r h 7 t Kn - 4 - ( ( ( h U 7 
;u*n7f7l/) ^,;V*-;V) *^-7) -2, 6 - 7 * 7 - 2 H - **-7W (f)777 
7 K-;V - 3 , 5 ( I a H, 4 H) - i x* 7 ; 5 , 5 ' - * *-7 tf 7 - 2 - ( ( ( HJ 7 
WD^f;v) 7;V*-JV) i^y) - 1 H - 7 7 7 7 K- ;w - 1 , 3 (2H) -7**7 
; 4 7f JP- 2 - ( ( (h';7;V*n^f ;V) - 1 H - 7 77 7 

K— ;v - 1 , 3 ( 2 H) - -7* 7 ; 3 , 3,4, 4 - r h 7 * <$• Jl> - 1 - ( ( ( h 'J 7 
^n^fjV) *^v) -2, 5 . - tT D V -7 7 v* 7 *L h 

tf£>*i«>5&^ ^L^i:ig?Mv^ 0 /NnyyfU^*-JV*^yy*M^W5 Ktt 
1 ^JL_t<JD 1 ( ( (f'j7Wn^f;v) 7,;v*-JV) ^*y) ■ lH-t'n-jv- 2, 5 
--7*7 ;n- ( (^;v7;w*n*7 9 y7>)V* — )i>) *4r-7) - 5 - 7 7 - 2 

, 3 - -7#;V**3r-77 3 K ; N - ( ( h U 7^* )U X )V * - )l>) *3r-7) -5-7 

;i/5j>*;w* ^ - 2 , 3 -yAJ^y^K; 1- ( ( (h 'J 7Ji/*n> WM-Ji') 
**-7) -2, 5 - t?n »J -^y^r/S^J: 19 $f £ L < fiN - ( (^;i/7Wn^n 
*3r->) - 5 - 7;v**;v*7 - 2, 3 - y*JV**^y^? KXJiN - ( O 
, j7WD^f^)l'*-)V) *^"7) - 5 - 7#sJ?>l/*> - 2, 3 - -7*;V**^r77 5 

[0 0 7 1 ] 

»?tL&o 7* hvst4gfe^7* hsntm*M> z<d*i*, mm<Dm&z&m 

[0 0 7 2] 

i^S$i:LT, 0. 1 frh 2 5 £*%<Z>*E|fl-TM£fl3 3 *L&o 7* hflSr14Bfcfl-tt, 0. 1 
1 5**%co$Effl. «fc 19 jSf i L< t±0. lfrbl 2E*%OfEH, S^I^J: W£ 
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1 Title of Invention 



PROCESSES FOR PRODUCING POLYSILOXANES AND PHOTORESIST 
COMPOSITIONS COMPRISING SAME 
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2 Claims 

1 . A method for preparing a photoresist composition, comprising: 

a) polymerizing one or more reactive silane compound in the presence of 
compound having multiple reactive nitrogen moieties to provide a siloxane polymer; 

and 

b) admixing fne polymer with a photoactive component. 

2. The method of claim 1 wherein the one or more silane compounds are 
selected from the group consisting of a trihalosilanc, a trihydroxysilnne, and a 
trialkoxysiiane. 

3. The method of claim 1 wherein each of the one or more silane 
compounds is a trichlorosilanc. 

4. The method of any one of claims 1 through 3 wherein one or more of 
the silane compounds has a carbon alicyclic substituent 

5. The method of claim 4 wherein the carbon alicyclic substituent is 
optionally substituted norbornyl, optionally substituted adamantyl, optionally 
substituted cyclohexyi, or optionally substituted cyclopentyl. 

6. The method of claim 4 or 5 wherein the carbon alicyclic substituent 
has a fluorinated moiety. 

7. The method of claim 6 wherein the fluorinated moiety is a 
hexafluoropropanol group. 

8. The mcihod of claim 7 wherein the hexafluoropropanol group is 
protected prior to polymerizing the silane compound. 
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9. The method of claim 8 wherein the hexafluoropropanol group is 
protected as an ester prior to polymerizing the sHane compound. 

10. The method of any one of claims 1 through 9 wherein the protecting 
group Is removed after formation of the polymer. 

11 . The method of any one of claims 1 through 1 0 wherein one or more of 
the silane compounds comprises a photoacid-labilc group. 

12. The method of any one of claims 1 through il wherein two or more 
different silane compounds arc polymerized, 

13. The method of any one of claims 1 through 12 wherein a first silane 
compound that is polymerized comprises a photoaeid-labile group and a second silane 
compound that is polymerized comprises a hexafluoropropanol group or protected 
form thereof. 

14. The method of claim 13 wherein Ihc pbotoacid-labilc group and the 
hexafluoropropanol group are each moieties of carbon alicyclic substituents of the 
silane compounds. 

15. The method of any one of claims 1 through 14 wherein one or more or 
the silane compounds has a heteroaticyclic substitucnt. 

16. The method of claim 15 wherein the heterocyclic substituent is a 
lactone. 



17. The method cTany one of claims 1 through 16 wherein the compound 
having nitrogen moieties comprises one or more amine groups. 
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J 8. The method of any one of claims 1 through ) 7 wherein the compound 
having nitrogen moieties comprises one or more primary amine groups. 

1 9. The method of any one of claims 1 through 1 8 wherein the compound 
having nitrogen moieties comprises one or more amine groups. 

20. The method of any one of claims i through 19 wherein the compound 
having nitrogen moieties comprises two amine groups. 

21. The method of any one of claims 1 through 20 wherein the compound 
having nitrogen moieties comprises a carbocyclic aryl or carbon alicyclic group 
having multiple amino substitution. 

22. The method of any one of claims I through 21 wherein the compound 
having nitrogen moiciics is a diamine phenyl compound. 

23. The method of any one of claims 1 through 22 wherein the compound 
having nitrogen moieties is not substantially incorporated into the formed polymer. 

24. The method of any one of claims 1 through 23 wherein the compound 
having nitrogen moieties is linked to the silanc compound in a transition state in the 
polymer synthesis. 

25. The method of any one of claims 1 through 24 wherein the photoresist 
composition is a chemically-amplified positive-acting resist 

26. The method of any one of claims 1 through 24 wherein the 
composition is a negative-acting resist. 



27. The method of any one of claims 1 through 26 further comprising 
applying a coating layer of the photoresist composition on a substrate; exposing t 
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photoresist coating layer to patterned activating radi&lion; and developing the exposed 
photoresist coating layer to prov idc a resist relief image. 

28. The method o f claim 27 wherein an organ ic polymer composition is 
applied to the substrate and the photoresist composition is applied over the polymer 
composition. 

29. The method of claim 27 or 28 wherein Ihc photoresist layer is exposed 
with radiation having a wavelength of less than about 300 run. 

30. The method of claim 27 or 28 wherein the photoresist layer is exposed 
with radiation having a wavelength of less than about 200 nm. 

3 1 . The method of any one of claims 27 through 30 wherein the substrate 
is a microelectronic wafer. 

32. A photoresist composition comprising a photoactive component and a 
siloxanc polymer obtainable by polymerizing one or more reactive silane compound 
in the presence of compound having multiple reactive nitrogen moieties to provide the 
siloxanc polymer. 

33. The photoresist composition of claim 32 wherein the one or more 
silane compounds are selected from the group consisting of a trihalosilane, a 
trihydroxysilane, and a trialkoxysiianc. 

34. The photoresist composition of claim 32 or 33 wherein each of the one 
or more silane compounds is a trichlorostlane. 

35. The photoresist composition of any one of claims 32 through 34 
wherein one or more of the silane compounds has a carbon alicyclic subsritucnt. 
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36. The photoresist composition of claim 35 wherein the carbon alicyclic 
substitucnt is optionally substituted norbornyi, optionally substituted adamanty], 
optionally substituted cyclohcxyl, or optionally substituted cyclopentyl. 

37. The photoresist composition of claim 3 5 or 36 wherein the carbon 
alicyclic substituent has a fluorinated moiety, 

38. The photoresist composition of claim 37 wherein the fluorinated 
moiety is a hcxafluoropropanol group. 

39. The photoresist composition of claim 38 wherein the 
hcxafluoropropanol group is protected prior to polymerizing the silane compound. 

40. The photoresist composition of claim 39 wherein the 
hcxafluoropropanol group is protected as an ester prior to polymerizing the silanc 
compound. 

41. The photoresist composition of any one of claims 32 through 40 
wherein the protecting group is removed after formation of the polymer. 

42. The pholorcsist composition of any one of claims 32 through 4 1 
whereto one or more of the silanc compounds comprises a photoacid-labile group. 

43. The photoresist composition of any one of claims 32 through 4 1 
wherein two or more different silane compounds are polymerized. 

44. 'Ihe photoresist composition of any one of claims 32 through 43 
wherein a first silane compound that is polymerized comprises a photoacid-labile 
group and a second silane compound that is polymerized comprises a 
hexafluoropropanol group or protected form thereof. 



[DIP-J Classic 



JP 2004-38142 A 2004.2.5 



45. The photoresist composition of claim 44 wherein the photoacid -labile 
group and the hexafluoropropanol group are each moieties of carbon alicyclic 
substituents of the si lane compounds. 

46. The photoresist composition of any one of claims 32 through 45 
wherein one or more of the silane compounds has a hcteroalicyclic substitucnt 

47. The photoresist composition of claim 46 wherein the heteroalicyclic 
substituent is a lactone. 

48. The photoresist composition of any one of claims 32 through 47 
wherein the compound having nitrogen moieties comprises one or more amine 
groups. 

49. The photoresist composition of any one of claims 32 through 4fc 
wherein the compound having nitrogen moieties comprises one or more primary 
amine groups. 

50. The photoresist composition of any one of claims 32 through 49 
wherein the compound having nitrogen moieties comprises one or more amine 
groups. 

5 1 . The photoresist composition of any one of claims 32 through 50 
wherein the compound having nitrogen moieties comprises two amine groups, 

52. The photoresist composition of any one of claims 32 through 5 1 
wherein the compound having nitrogen moieties comprises a carbocyclic aryi or 
carbon alicyclic group having multiple amine substitution. 
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53. The photoresist composition of any one of claims 32 through 52 
wherein the compound having nitrogen moieties is a diamine phenyl compound. 

54. The photoresist composition of any one of claims 32 through 53 
wherein the compound having nitrogen moieties is not substantially incorporated into 
the formed polymer. 

55. The photoresist composition of any one of claims 32 through 54 
wherein the compound having nitrogen moieties is linked to the silane compound in a 
transition state in the polymer synthesis. 

56. The photoresist composition of any one of claims 32 through 55 
wherein the photoresist composition is a chemically-amplified positive^acting resist 

57. The photoresist composition of any one of claims 32 through 55 
wherein the composition is a negative-acting resist. 

58. A method of forming a photoresist relief image, comprising: 

(a) applying a coating layer of a photoresist of any one of claims 32 
through 57 on a substrate; and 

(b) exposing and developing the photoresist layer to yield a relief image. 

59. The method of claim 5* wherein an organic polymer composition is 
applied to the substrate and the photoresist composition is applied over the polymer 
composition. 

60. The method of claim 58 or 59 wherein the photoresist layer is exposed 
with radiation having a wavelength of less than about 300 nra. 



61. The method of claim 58 or 59 wherein the photoresist layer is exposed 
with radiation having a wavelength of less than about 2Q0 nm< 
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62. The method of claim 58 or 59 wherein the photoresist layer is exposed 
with radiation having a wavelength of about 248 nm or 193 nm. 

63. An article of manufacture comprising a microelectronic wafer substrate 
or flat panel display substrate having coated thereon a layer of the photoresist 
composition of any one of claims 32 through 57. 

64. A for preparation of a photoresist composition comprising: 
providing a siloxnne polymer obtainable by polymerizing one or more reactive 

silane compound in the presence of compound having multiple reactive nitrogen 
moieties to provide the siloxanc polymer ; and 

admixing the polymer with a photoactive component. 

65. A method for producing a sUoxane polymer comprising polymerizing 
one or more reactive silane compound in the presence of compound having multiple 
reactive nitrogen moieties to provide the siloxane polymer. 

66. The method of claim 65 wherein the one or more silane compounds are 
selected from the group consisting of a trihalosilane, a hydroxy si lane, and a 
trialkoxysilanc. 

67. The method of claim 65 wherein each of the one or more silane 
compounds is a trichlorosilane. 

68. The method of any one of claims 65 through 67 wherein one or more 
of the silane compounds has a carbon alicyclic substhucnt. 

69. The method of claim 68 wherein the carbon alicyclic substituent is 
optionally substituted norbomyt, optionally substituted adamantyl. optionally 
substituted cyclohexyl, or optionally substituted eyclopentyl. 
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70. The method of claim 68 or 69 wherein the carbon alicyclic substituent 
has a fluorinated moiety. 

71 . The method of claim 70 wherein the fluorinated moiety is a 
hexafluoropropanol group. 

72. The method of claim 71 wherein the hexafluoropropanol group is 
protected prior to polymerizing the silane compound. 

73. The method of claim 72 wherein the hexafluoropropanol group is 
protected as an ester prior to polymerizing the silane compound. 

74. The method of any one of claims 65 through 73 wherein the protecting 
group is removed after formation of the polymer 

75. The method of any one of claims 65 through 74 wherein one or more 
of the silanc compounds comprises a photoacid-labiie group. 

76. The method of any one of claims 65 through 75 wherein two or more 
different silane compounds are polymerized. 

77. The method of any one of claims 65 through 76 wherein a first silane 
compound that is polymerized comprises a photoacid-labife group and a second silanc 
compound that is polymerized comprises a hexafluoropropanol group or protected 
form thereof. 

78. The method of claim 77 wherein the photoacid-labiie group and the 
hexafluoropropanol group are each moieties of carbon alicyclic substituents of the 
silane compounds. 
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79. The method of any one of claims 65 through 78 wherein one or more 
of the sllane compounds has a heteroaii cyclic substituenL 

80. The method of claim 79 wherein the hetcroalicyclic subsliluent is a 
lactone* 

81 . The method of any one of claims 65 through 80 wherein the compound 
having nitrogen moieties comprises one or more amine groups. 

82. The method of any one of claims 65 through 81 wherein the compound 
having nitrogen moieties comprises one or more primary amine groups. 

83. The method of any one of claims 65 through 82 wherein the compound 
having nitrogen moieties comprises one or more amine groups. 

84. The method of any one of claims 65 through 83 wherein the compound 
having nitrogen moieties comprises two amine groups. 

85. The method of any one of claims 65 through 84 wherein the compound 
having nitrogen moieties comprises a carbocyclic aryl or carbon alicyclic group 
having multiple amine substitution, 

86. The method of any one of claims 65 through 85 wherein the compound 
having nitrogen moieties is a diamine phenyl compound. 

87. The method of any one of claims 65 through 86 wherein the compound 
having nitrogen moieties is not substantially incorporated into the formed polymer. 

88. The method of any one of claims 65 through 87 wherein the compound 
having nitrogen moieties is linked to the silane compound in a transition state in the 
polymer synthesis. 



A polymer obtained by a method of any one of claims 65 through 88, 
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3 Detailed Description of Invention 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to new methods for synthesis of polysiloxanes 
(silsesquioxanes) and photoresists comprising same. Synthetic methods of the 
invention include use of a polymerization templating reagent that has multiple 
reactive nitrogen groups, particularly a diamine reagent, 

2, Background 

Photoresists are photosensitive films used for transfer of images to a substrate. 
A coating layer of a photoresist is formed on a substrate and the photoresist layer is 
then exposed through a photomask to a source of activating radiation. 1 nc photomask 
has areas that are opaque to activating radiation and other areas that are transparent to 
activating radiation. Exposure to activating radiation provides a photoinduced 
chemical transformation of the photoresist coating to thereby transfer the pattern of 
the photomask to the photoresist-coated substrate. Following exposure, the 
photoresist is developed to provide a relief image that permits selective processing of 
a substrate. 

A photoresist can be either positive-acting or negative-acting. For most 
negative-acting photoresists, those coaling layer portions that are exposed to 
activating radiation polymerize or crosslink in a reaction between a photoactive 
compound and polymerizable Teagcnts of the photoresist composition. Consequently, 
the exposed coating portions are rendered less soluble in a developer solution than 
unexposed portions. For a positive-acting photoresist, exposed portions arc rendered 
more soluble in a developer solution while areas not exposed remain comparatively 
less developer soluble. 
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The increasing density of integrated circuits has created a need for higher 
resolution patterning capabilities. One method of improving resolution involves using 
a shorter wavelength light during pattern formation. Shorter wavelengths of 
approximately 200 to 280 nm may be obtained by using a deep UV ("DUV") source 
such as a mercury/xenon ("Hg/Xe") lamp with appropriate filters. Additionally, KrF 
(248 nm) or ArF (193 nm) excimer lasers may be used as exposure sources. 

In addition to using shorter wavelengths during exposure, it is also desirable to 
use a thinner layer of resist However, the major drawback of using a thin layer of 
resist is that the variation of resist thickness over a diffusion step on a substrate and 
into an etched pattern increases as the pattern size becomes smaller. This variation 
means that the dimensions of any pattern being imaged in ihc resist will vary as the 
step geometry is traversed. Therefore, in a single layer resist system, the lack of 
dimensional control on the wafcr can create different line widths throughout the resist 
which reduces the quality of the electronic package. 

To improve dimensional control, bilaycr (or bilevel or multilevel) resist 
systems have been utilized. In a typical bilevel system, a bottom resist is first applied 
to a substrate to planarize wafer topography. The bottom resist is cured and a second 
thinner imaging top resist is then applied over the bottom resist The top resist is then 
soft baked, and patterned (or imaged) using conventional resist exposure and 
development, followed by etch transfer of the top pattern through the bottom resist 
using the top resist pattern as an etch mask. Sec, generally. Sugiyama ct al.. Positive 
Excimer Laser Resists Prepared with Aliphatic Diazoketones, Soc. Plastics Eng.., 
Conference Proceedings, pages 51-60 (Nov. 1988); and U.S. Patents 4,745,169; 
5,338,818; 5,691,396; 5,731,126; 6,296,985; and 6,340,734. 



SUMMARY OF THE INVENTION 

"We have now found novel siloxane polymers and methods for synthesis of 
these polymers. Polymers produced through methods of the invention can exhibit 
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gnificantly enhanced homogeneity relative to siloxanc polymers produced by prior 
methods and can impart enhanced lithographic results to a photoresist containing the 
polymer. 

Prefencd methods of the invention include polymerizing one or more reactive 
silane compounds in ihe presence of compound having multiple reactive nitrogen 
moieties to thereby provide a siloxane polymer. 

Without being bound by any theory, it is believed the poly-nitrogen compound 
can serve as an effective "template" onto which the reactive silane compounds 
reagents can link during the course of ihe polymerization. The nitrogen compound 
then substantially withdraws from the polymer matrix and is not incorporated in 
substantial amounts into the final polymer. Such withdrawal of the nitrogen 
compound is facilitated by the relatively weak Si-N bond that is believed to exist 
during the "templating" process. 

A variety of reactive silane compounds can be employed. For example, 
suitable silanc compounds include a trihalosilane particularly atrichlorosilane, a 
trihydroxysilane, and a trialkoxysilane such as a tri(C,^alkoxy)silaoe, particularly 
trimcthoxysilanc, triethoxysilane and the like. In addition to such tri-halo, -alkoxy, 
-hydroxy or other substitution, the tctra-valent silane reagent typically will be further 
substituted by a fourth "non-displaced" substituent, i.c. a substitucnt that will be 
present upon incorporation of the silane reagent into the final formed polymer. 

Preferred reactive silane compounds will be further substituted by a non- 
displaced substhucntsuch as a carbon alicyclic substituent, preferably an optionally 
substituted norbornyl, optionally substituted adamantyl, optionally substituted 
cyclohexyl, optionally substituted cyclopentyl, and the like. The silane compound 
also suitably may have one or more heterocyclic substhuents such as a lactone, e.g. y- 
butyrolactone. The reactive silane compound also may have non-cyclic (acyclic) 
substhuents such as optionally substituted C,. 16 alkyl e.g. t-butyl. The reactive silane 
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compound also may have optionally substituted carbocyclic aryl and optionally 
subsUtuted heteroaromatic groups such as e.g. optionally substituted phenyl, napbthyl 
and the tike, and various hetcroaryi groups. 

Those acyclic or cyclic or other moieties of the silane reagent also may be 
further substituted. Substitution by photoacid-Iabile groups and dissolution control 
groups such as hcxafluoropropanol are particularly preferred. 

In a preferred aspect, a plurality of distinct silane reagents may be employed, 
e.g. at least two, three, four of five distinct silane reagents are polymerized to provide 
the corresponding copolymer, terpolymer, tetrapolyroer or pcntapolymer. For 
example, one silane reagent may have a photoacid-Iabile substituent such as a 
photoacid-Iabile ester or acctal, and another distinct silane reagent may have a 
dissolution control group such as ahexafluoropropanol group. Suitably, such groups 
may be substltuents of a carbon alicyclic or heteroalicyclic moiety of a silane reagent. 

The nilrogcn-containing "templating" reagent preferably comprises one or 
more amine groups. Primary amines arc generally prefeired, but other amines also 
will be useful including secondary amines. A plurality of distinct nitrogen- 
containing templating reagents may be employed in a reaction, but greater polymer 
homogeneity may be achieved if a single compound is employed. 

Particularly preferred nitrogen-containing "templating" reagents are small 
molecules, e.g. having a molecular weight of less than about 500, more preferably a 
molecular weight of less man about 400, 300, 200 or even 100. Such small molecules 
facilitate optimal positioning of the silane reagents during the polymerization. 

Particularly preferred nitrogen-containing "templating" reagents also may have 
a relatively rigid structure to further optimize positioning 6f silane reagents during the 
polymerization reaction. Thus, cyclic compounds having nitrogen substitution are 
preferred templating reagents, such as carton alicyclic, heteroalicyclic, carbocyclic 
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aryl or hcteroaromatic compounds having one or preferably two or more nitrogen 
groups cither as ring members or as substituents to the cyclic compound. Carbon 
alicyclic, hctcroalicyclic, carbocyclic aryl or heteroaromatic compounds having 
multiple amine substituents aTe particularly preferred. An especially preferred 
tcmplating reagent is a diamine phenyl compound. 

While such more rigid tcmplating reagents may be particularly preferred for at 
least some applications, non-cyclic tcmplating reagents also will be effective such as a 
noncyclic Cw 2 alkyl or Cm2 dkoxy having one or more nitrogen moieties, 
particularly amine moieties. 

Polymers of the invention arc particularly useful as a resin component of a 
photoresist composition. Typical photoresist compositions of the invention will 
contain a photoactive component, e.g. one or more photoacid generator compounds. 
Chemically-amplified positive-acting photoresists will contain a component that has 
one or more photoacid-labile deblocking groups, e.g. a photoacid-Jabile acetal or ester 
group such as t-butylcster or adamantylester. Such photoacid-labile group(s) suitably 
will be substituents of silicon-containing resin, but the resist also may contain a 
separate component such as a separate oligomer or polymer that contains such 
photoacid-Jabile group(s). Negative-acting resists of the invention typically will 
contain an agent for crosslinking of one or more components of the resist, typically a 
separate crosslinks component such as an aminc-based reagent, e.g. a melamine or 
benzoguanamine resin. 

Polymers of the invention may be employed in photoresists imaged at sub-200 
nm wavelengths such as 1 93 nm or 1 57 nro, and thus preferably will be substantially 
free of any phenyl or other aromatic groups. For example, preferred polymers contain 
less than about 5 mole percent aromatic groups, more preferably less than about 1 or 2 
mole percent aromatic groups, more preferably less than about 0.1, 0.02, 0.04 and 
0.08 mole percent aromatic groups and still more preferably less than about 0.01 mole 
percent aromatic groups. Particularly preferred polymers for 193 nm or 157 nm 
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imaging are completely free of aromatic groups. Aromatic groups can be highly 
absorbing of sub-200 nm radiation and thus are undesirable for polymers used in 
photoresists imaged with such short wavelength radiation, particularly 193 nm and 
- 157 nm. 

Polymers of the invention also may be suitably utilized in resists imaged at 
higher wavelengths, such wavelengths less than 300 nm particularly 248. ran. Such 
polymers suitably will contain aromatic groups such as provided by polymerization of 
an aromatic group, e.g. a phenyl group substituted with a trichlorosilyl group and the 
like. 

Photoresists of the invention also will be useful Tor extremely high energy 
imaging, such as E-beam and X-ray imaging. 

Photoresists of the invention are preferably employed In multilayer 
lithography systems. More particularly, preferred uses of resists of the invention 
include application of a first organic polymer coating on a substrate, e.g. a 
microelectronic wafer, and apptying thereover a photoresist of the invention. The 
organic bottom layer suitably may be non-photoimageable (eg. not contain a 
photoacid generator compound) but thermally crosslinkcd prior to application of the 
top resist layer. The bottom layer may comprise a phenolic polymer such as a 
novolac admixed with a thermal acid generator compound and a crosslinkcr. Use of 
such a bottom layer can enable application of very thin top resist layer* 

The invention also provides methods for forming relief images, including 
methods for forming a highly resolved relief image such as a pattern of lines where 
each line has essentially vertical sidewalk and a line width of about 0.40 microns or 
less, and even a width of about 0 .25, 0.20 or 0.16 microns or less. The invention 
further provides articles of manufacture comprising substrates such as a 
microelectronic wafer substrate, optoelectronic substrate or liquid crystal display or 
other flat panel display substrate having coated thereon a polymer, photoresist or 
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resist relief image of iho invention. The invention also includes methods to produce 
such articles of manufacture, which comprises use of a photoresist of the invention. 

The invention also includes polymers obtainable or obtained by a method of 
the invention- Other aspects of the invention are disclosed infra. 

DETAILED DESCRIPTION OF THE INVENTION 

As discussed above, synthetic methods of the invention include polymerizing 
one or more reactive silane compounds in the presence of one or more compounds 
having multiple reactive nitrogen moieties to provide a siloxane polymer. 

As mentioned, without being bound by any theory, it is believed the nitrogen- 
containing is covalcntly linked to preferably a plurality of silane reagents during a 
relatively stable transition stoic in the polymer synthesis. See generally the Scheme 
below. That nitrogen-containing compound is later substantially displaced and not 
substantially incorporated into the final polymer. Some amounts of the nitrogen- 
containing compound may be incorporated into the polymer, but typically at least 
about 60, 70, 80, or 90 mole percent of the nitrogen-containing compound utilized in 
a reaction is not incorporated into the final polymer. 

The following Scheme depicts a preferred synthetic method of the invention. 
For the purposes of exemplification only, particularly preferred compounds, reagents 
and conditions are depicted in the following Scheme, and it will be understood that a 
variety of other compounds and conditions can be employed in a similar manner as 
described below with respect to the exemplified compounds and conditions. For 
instance, in the Scheme below, a number of preferred silane reagent substituents (R0 
that are not displaced during the reaction arc depicted; a wide variety of other non- 
displaced substituents also may be employed. The Scheme also depicts the 
particularly preferred nitrogen-containing templating reagent of 1 ,4-diamine phenyl, 
but a variety of other templating reagents also may be employed. 



[DIP-J Classic UmfR] _ _ _ c 

(50) JP 2004-38142 A 2004.2.5 



SCHEME 



CI* 



Pi 



R r SiCI 3 



Pre coupling 

H2N<>NH 2 
-15°C 



"SI 
*H 



NH 



CI 



HO. j^OH 
|5iH 



H20 



Setf-assembty 



• 5°C 



R1 



NH 



NH 



NH 



NH 

i 

.Si., 



- Rl H-O" i v o-H Ri 
R, 



Ri 



=* 1 f 
% *r, *» 

Ladder-fike sllsesqufoxane 



-H2P 



NH 



HO 



*1 



*OH 



-H 2 0 



Pi 



« r 1 

N-H- " • -N~H N H 
N-H N-H---N-H 



h-o^o^>o'V-h 

TR, 'Ri 'Ri 



Hp 



h z n<>nh 2 



«'> »v» H V H 

I I I 

H-0- S b. 0 <^>o' Sl S°-H 



Ri 



[DIP-J Classic KJBJE] 



C51) 



DP 2004-38142 A 2004.2.5 



-9- 

Thus, as shown in the above Scheme, reactive silane compound Ri-SiCI 3 is 
admixed with the compound having multiple nitrogen groups (1,4-diaminophenyJ). 
Suitably, the silane and templating compounds are admixed at reduced temperatures 
e.g. 0°C or Jess and in a suitable solvent such as tetrahydrofuran or other ether, or an 
aromatic solvent such as toluene, xylenes, and the like. 

Preferably the reaction is conducted in the presence of base, e.g. on organic 
base such as triethylamine. Suitably, the nitrogen-containing compound can be added 
over time to a reaction vessel charged with one or more silane reagents. 

After the reaction addition is complete, a slight molar excess (relative to silane 
reagent(s)) of water can be added to the reaction mixture to promote die self-assembly 
reaction. The reaction mixture then may be stirred and significantly neutralized by 
addition of water and dried, e.g. by addition of anhydrous sodium sulfate with 
overnight stirring. 

Removal of the compiexed nitrogen-containing templating reagent can be 
accomplished by the further addition of water and base (e.g. an organic base such as 
triethytamine) and increased reaction temperature, e.g. to above room temperature 
such as to about 40°C T 50°C y 60°C, 70°C or greater. The reaction mixture can be 
ogitatcd at such elevated temperature until reaction completion, e.g. 12, 24, 26, 48, 74 
or more hours. At that point, the reaction mixture can be neutralized and the polymer 
isolated, washed and dried. Sec Example 1 which follows for exemplary preferred 
reaction conditions, 

As discussed above, a preferred substitucnt of the silane reagent that is not 
displaced during the polymerization reaction is a hexafluoropropanol group. That 
group is preferably protected during the polymerization reaction. For instance, the 
alcohol can be protected as an ester, e.g. an acetyl, and then deprotccted in the 
presence of strong base after the polymerization is complete. See, for instance, 
Example 3 which follows for exemplary preferred reaction conditions. 
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AS referred to herein, the term "carbon alicydic group" means each ring 
member of the non-aromatic group is carbon. The carbon alicyclic group can have 
one or more endocyclic carbon-carbon double bonds, provided the ring is not 
aromatic. 

As referred to herein, the term "hctcroalicyclic group" means at least one ring 
member of the non-aromatic cycJic group is other than carbon, e.g, N, O or S, 
typically one or two oxygen or sulfur atoms. The hcleroalicyclic group can have one 
or more cndocyclic carbon-carbon double bonds, provided the ring is not aromatic. 
An oxygen hctcroalicyclic group means that the group has at least one, and typically 
only one, oxygen ring atoms. 

As referred to herein, alkyl groups typically have from 1 to about 16 carbon 
atoms, more preferably 1 to about 8 carbon atoms, still more preferably 1, 2 f 3, 4, 5, 
or 6 carbon atoms. As used herein, the term alkyl unless otherwise modified refers to 
both cyclic and noncyclic groups, although of course cyclic groups will comprise at 
least three carbon ring members. 

Preferred alkoxy groups as referred to herein include those groups having one 
or more oxygen linkages and from 1 to about 16 carbon atoms, more preferably from 
1 to about 8 carbon atoms, and still more preferably 1, 2, 3, 4, 5 or 6 carbon atoms. 

Preferred amine groups include aminoalkyl groups include those groups 
having one or more primary, secondary and/or tertiary amine groups, and from 1 to 
about 12 carbon atoms, more preferably 1 to about 8 carbon atoms, still more 
preferably 1, 2, 3, 4, 5, or 6 carbon atoms. 

Suitable hetcroaromatic groups as referred to herein may have one or more 
fused or linked rings typically 1, 2 or 3 rings and at least one ring containing 1, 2 or 3 
N, O or S atoms such as coumarinyl including 8-coumarinyl, quinolinyl including 8- 
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quinolinyl, pyridyl, pyrazinyl, pyrimidyl, furyL pyrrolyl, thicnyl, thiazolyl, oxazolyl, 
oxidizoly), triazole, jrnidazolyl, indolyl, bcnzofuranyl arid bcnzothiazolc. 

Suitable carbocyclic ajyl groups as referred to herein include multiple ring 
compounds lhat contain separate and/or fused aryl groups. Typical carbocyclic aryJ 
groups contain 1 to 3 separate or fascd rings and from 6 to about 18 carbon ring 
atoms. Specifically preferred carbocyclic aryl groups include phenyl; naphthyl 
including 1 -naphthyl and 2-naphthyl; biphenyl; phenanthryl; anthracyl; and 
acenaphthyl, 

As discussed above, polymers of the invention preferably comprise one or 
more repeat units that comprise a photoacid-Iabile group. The photoacid-Iabile group 
may be e.g. a substituent of a heteroalicyclic or carbon alicyclic ring member. As 
discussed above, the photoacid-Iabile group may be e.g. an acid-labile ester. The 
photoacid-Iabile group also maybe e.g. an ocetal group such as many be provided by 
reaction of a vinyl ether with a hydroxy substituent of a polymer repeat itniL 

As discussed, various polymer moieties may be optionally substituted . A 
"substituted" substituent may be substituted at one or more available positions, 
typically 1, 2, or 3 positions by one or more suitable groups such as e.g. halogen 
(particularly F, CI or Br); cyano; Cj^ alkyl; C M alkoxy; Ci_s alkylthio; Cu 
alkylsulfonyl; C 2 * alkenyl; C24 aDcynyl; hydroxyl; nitro; alkanoyl such as a Ci* 
alkanoyl e.g. acyl and the like; etc. 

Particularly preferred polymer produced by methods of the invention include 
those that contain one or more repeat units provided by one or more monomers (may 
have distinct monomers of the following formulae I: 

(R^iOa/z) (1) 

wherein R 1 is selected from (C|-C| 2 )alkyl, substituted (C t -Chalky I, (C2- 
Q)alkenyl, substituted (C 2 -C6)alkcnyl, phenyl, C 6 (R 7 )s, (Ci-C^alkyKC^ 7 ^), (d- 
C5)alkyl(C6rl|OZ), vinyl and substituted vinyl; Z is selected from (d- 
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C$)alkylsu!fonate ester or arylsulfonatc ester; each R 7 is independently selected from 
H, F, (C|-Ctf)alky!, (C,-C 6 )alkoxy, ha)o(Ct-C 6 )alkyi, hydroxy-halo(Ci-Cfi)alkyl or 
halo(C j -C 6 )alkoxy; 

Also preferred repeat units of resins produced by methods of the invention, 
particularly for resists imaged at higher wavelengths such as 248 nm, are units of the 
following formula II; 



wherein each R* is independently selected from R 7 and OH; each R 5 is 
independently selected from H or F; each R 6 is independently selected from H, F, 
CHj, CF3, CHF 2> and CH 2 F; and m « 0-2. 

In those formulae I and II, when m «= 0, it will be appreciated that there is a 
chemical bond between the silicon and the aromatic ring. It is preferred that jn = 0 or 
I, and more preferably m »■ 1. In lhose formulae, by "substituted alky!" or 
"substituted alkenyP it is meant that one or more hydrogens of the alky I or alkenyl 
group, respectively, is replaced by one or more other substitucnts. Suitable 
substituents include, but arc not limited to, (C>«Q)alkyl; substituted(C|-C*)alkyl; (C|- 
Cfi)alkoxy; alkoxycarbonyls having the general formula (R 2 OC(0)>- wherein R 2 is as 
defined herein below; halo; halc^CrQDalkyl such as trifluorom ethyl; (Ci- 
C^alkykulfonate; and aryMfonate. Fluorine is a preferred halogen substituent. 
Preferred alkyt and substituted alkyl groups for R 1 are (C]-Cio>Ikyi» substituted (d- 
C| 0 )alkyl, and (R 2 O-C(O)HCi-C l0 )alkyl 3 wherein R 2 is as, defined herein below. 
Preferred substituted (Cz-C 6 )alkcnyl groups for R 1 arc halo(C2-C6)a!kenyI, and more 
preferably tluoro(CrQ;)alkcnyl. When R 1 is a (CrC^alkyKQH^OZ} group, as used 
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herein, such Z is referred to as an aikylsulfonato or arylsulfonato substitucnt, or 
alternatively as alkylsulfonyioxy of arylsulfonyloxy substituent. The (Ci- 
C6)alkyIsuIfonatc ester or ary {sulfonate ester groups of Z may optionally be 
substituted, such as by Halogen, and particularly fluorine. Suitable groups where R 1 is 
a (Ci-C5)aHcy!(C6H40Z) include, but arc not limited to, phenylsulfonatobenzyl, 
phenylsulfonatophenylethyl, methylsulfonatobenzyl, cthylsulfonatobcnzyl, 
propylsul fonatobenzyl, trifluoromethylsulfonatobcnzyl, mcthylsulfonntophenylcthyl, 
tolylsulfonatobenzyl, tolylsulfonatophenylethyl, camphorsulfonatobcnzyl, 
camphorsulfonatophenylcthyl, phenylsulfonaiophcnyl, methylsulfonaiophcnyl, 
torylsulfonatophenyl, camphorsulfonatophcnyl, cthylsulfonalophcnyl, 
propylsulfonatophenyl, trifluorometbylsulfonatophenyl, cthylsulfonatophcnylcthyl, 
propylsulfonatophcnylcthyl, trifluoromcthylsulfonatophenylethyl, and the like. Other 
suitable groups for R* include, but are not limited to, methyl, ethyl, trlfluoromcthyl, 
2,2,24rifluoroethyl, pentafluoroethyl, phenyl, benzyl, phertethyl, tolyl, 
trifluoromcthyrphenyl, methoxyphenyl, trifluoromethoxypherryl, norbomyl, 
cyclohexyl, 1,2,2-trifluoro vinyl, and the like, and preferably methyl* ethyl, 
trifluorornethyl, 2,2,2-trifluoroethyl, pentafluorocthyl, phenyl, benzyl, phenethyl, 
tolyl, trifluoromethylphcnyl, trifluoromcthoxyphenyl, norbomyl, cyclohcxyl, and 
1,2,2-trifluorovtnyL Particularly suitable monomers of formula II include, but are not 
limited to, hydroxyphenyl, hydroxybenzyl and hydroxyphenyiethyi. Suitable 
hydroxy-halo(Ci-C6)aIkyl groups for R 7 include, but are not limited to, -C(CF 3 )20H, 

Photoimageable compositions may be negative-acting or positive-acting. As 
discussed above, for positive-acting composition, the polymers typically further 
include one or more monomers containing an acid sensitive or cleavablc group. Such 
acid sensitive monomers that may be polymerized to provide such groups include 
particularly for use in photoresists imaged at higher wavelengths such as 248 nm 
include those of the following formula HI 
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<W>s« (III) 

wherein R 2 is an acid cleavablc group; each R 8 is independently selected from H, F, 
(C^alkyl, (d-C^alkoxy, halo(C,-C6)alkyl, hydroxy-halo(C,-C 6 )alkyl or haIo(C- 
C 6 )alkoxy; eachR* is independently selected from H or F; each R 10 is independently 
selected from H, F, CHj, CF 3 , CHF 2 , and CH 2 F; and p = 0-2. Preferably, p = 0 or 1, 
and more preferably p « 1 . It is preferred that R J is ethyl, propyl or cyclohcxyl. R 2 
may be any suitable acid cleavable group. Suitable acid cleavablc groups or leaving 
groups are typically those that readily or facileiy form carbonium ions and include, 
but arc not limited to: a) a group selected from -C(0)OC(CH3) 3 ; -CH(CHj)0(C,- 
C6>Jkyl; -CHbC(0)OC(Clh)3; -QHiO Ctctrahydropyranyr*) or lactones; b) an 
optionally substituted noncyclic alky! moiety having 6 or more carbon atoms, with at 
least 2 carbon atoms selected from secondary, tertiary and quaternary carbon atoms, 
and wherein the ether oxygen is directly bonded to a quaternary carbon atom; c) 
optionally substituted fcnchyl; d) optionally substituted phenyl; e) optionally 
substituted 3,2,0 bridged system; f) optionally substituted bridged heteroalicyclic 
group; g) optionally substituted cycloalkyl group having 3 or 4 ring carbon atoms; and 
h) optionally substituted 2,2,1-bridged systems. Suitable lactones include those 
attached to the oxygen by a tertiary carbon, such as Y-valcrolactonc. 

Suitable noncyclic alkyl moieties as leaving groups include those that have 
one, two or more tertiary carbon atoms, and/or one, two or more quaternary carbons. 
References herein to a "secondary" carbon indicate the carbon atom has two non- 
hydrogen substituents (i.e. CH 2 RR' where R and R* are the same or different and each 
is other than hydrogen); references herein to a "icrtiary" carbon indicate the carbon 
atom has three non-hydrogen substituents (i.e. CHRR'R" where R, R* and R" are the 
same or different and each is other than hydrogen); and references herein to a 
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"quatcmary" carbon indicate the carbon atom has four non-hydrogco substituents (i.c. 
CRU'R^R"* where R, R', R" and R"' are each the same or different and each is other 
than hydrogen). See, for instance, Morrison and Boyd, Organic Chemistry, 
particularly at page 85 (3rd ed., Allyn and Bacon), for a discussion of those terms 
secondary, tertiary and quaternary. It is often preferred that a quaternary carbon is 
directly linked (i.e. covalcntiy linked with no other interpose atoms) to the oxygen. 

Preferred acid clcavablc groups of the invention contain only saturated carbon 
atoms. Thus, e g., in this preferred aspect of the invention, the groups R. R', R", R"' 
of the above formulae for secondary, tertiary and quaternary carbons of the groups 
(i.e. the formulae CHjRR', CHRR'R". CRR'R"R"') arc each saturated alkyl, typically 
(C,-C, 0 )alkyl. more typically (C,-C6)a1kyl. still more typically alkyl having 1, 2, 3 or 
4 carbons. Preferred alkyl moieties include those having I quaternary carbon linked 
to the oxygen atom of the ether linkage and one or more additional tertiary or 
quaternary carbon atoms and not more than a one single ring alicyclic group. 
Additional preferred ajkyl moieties include those having 1 quaternary carbon linked 
to the ether oxygen atom of the linkage and one or more additional secondary carbon 
atoms and no more than one ring alicyclic groups. Optimally, the ether group will 
contain only carbon and hydrogen atoms and be free of double or triple bonds. More 
preferred alkyl moieties include those having one quaternary carbon linked to the 
ether oxygen atom of the linkage and one or more additional quaternary or tertiary 
carbon atoms and not more than a one single ring alicyclic group. Optimally, the 
group will contain solely carbon and hydrogen atoms and be free of double or triple 
bonds. Particularly suitable leaving groups containing n quaternary carbon bonded 
directly to the oxygen include, but are not limited to, those having the structures of 

Formulae (IV) - (X), where © refers to a polymer. 
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(V) 




<2L 



(VII) 




(VIII) 



(IX) 




(X) 

Particularly suitable leaving groups having a quaternary carbon bonded 
directly to the ether linkage include, but arc not limited to, 2,3-dimelhyl-Z-butyl; 
2^,3-trimethyl-2-butyl; 2-methyl-2-butyl; 3-metbyl-3-pentyl; 2,3,4-trimctbyl-3- 
pcntyl;2^,3.4,4-penUuT«cthyl-3-pcntyJ; l-mc(hyl-l-eyclopeniy); U-dimetbyl-1- 
cyclopentyl; 1 ,2,5-trimelhyl-l-cyclopcntyl; i,2>trimethyl-cyclo P entyl; 2,2,5.5- 
tctrarocthyl-l-cyelopcntyl; 1 -methyl- 1-cyclohexyl; 1.2-dimcthyl-l-cyclobexyl; 1,2,6- 
trimethyl-l-cyclohexyl;l,2 ) 2 ( 6-teti^cmyl-l-cycloliexyl;J,2,2,6,6-pcnta^ 

cyclohexyl; and 2 J 4,6-trimethyl-4-beptyl. 
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Additional preferred polymers produced by the methods of the invention 
include those that contain as polymerized units one or more monomers of formula I. 
ono or more monomers of formula 11 and one or more monomers of formula 111 




(R'sio^ (i) ai) <"0 

wherein R 1 is selected from (C,-Cio)alkyl, substituted (C,-C,o)alkyl, (C r Cs)alkenyl, 
substituted (Ca-C^lkenyl, phenyl, Q(R 7 )s, (C,-C 5 )alky)(C 4 (R 7 )0, (Ct- 
Cs)alkyl(C(sH407-), vinyl and substituted vinyl; Z is selected from (C 1 - 
C6)alkylsulfonate ester or arylsulfonalc ester; V? is an acid cleavablc group; each R 7 
and R* is independently selected from H, F, (C,-C 6 )alkyl, (C-C^alkoxy. halo(Ci- 
Qdalkyl, hydroxy-baloCC-Q^lkyl and halo(C,-C*)alkoxy; each R 4 is independently 
selected from R 1 and OH; each R 5 and R 9 is independently selected from 1 1 or F; each 

R« and R 10 is independently selected from H, F, CH 3 , CF Jf C11H 2 , and CH 2 F; m = 0-2; 

and p - 0-2. Particularly suitable polymers for use in positive acting photoimagcable 

compositions arc those wherein m - 0 or 1 . More suitable are those polymers wherein 

p = 0 or 1, and preferably p - I. 

In those polymer, the R 1 group suitably lowers or helps control the dissolution 
rate. Thus, increasing the content of the monomers of formula I provides polymers of 
the present invention having decreased dissolution rate, as compared to the same 
polymer having a lesser amount of formula 1 monomers. 

The silicon-containing polymers of the present invention typically have a 
molecular weight of 500 to 200,000 Daltons, and preferably from 1000 to 100,000 
Daltons- 
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It will be appreciated by those skilled in the art that more than one silicon- 
containing polymer may be used in the present photo Lmageable compositions. Thus, 
the present photoimagcable compositions may include one, two or more silicon- 
containing polymers. When two or more silicon-containing polymers arc used, at 
least one is a silicon-containing polymer of the present invention. The remaining 
silicon-containing polymers may be conventional silicon-containing polymers or 
polymers of the present invention. In this way, blends of polymers may be 
advantageously used in the present photoimagcable compositions, Such blends 
include blends of the present silicon-containing polymers with non-silicon-containing 
polymers. In these blends, any ratio of polymers is suitable. The specific ratio will 
depend upon the particular polymers combined and the characteristics (dissolution 
rate, etch resistance, pholospced, etc.) desired and arc within the ability of one skilled 
in the art 

A wide variety of photoactive components may be used in pholoimageabie 
composition of the invention, including, but not limited to, photoacid generators and 
photobase generators. Photoacid generators are preferred. It will be appreciated by 
those skilled in that art that more than one photoactive component may be used 
advantageously in the photoimagcable compositions of the present invention. 

Photobase generators useful in the present invention are any compounds which 
liberate base upon exposure to light, typically at a wavelength of about 320 to 420 
nanometers, however other wavelengths may be suitable. Suitable photobase 
generators include, but arc not limited to: benzyl carbamates, benzoin carbamates, O- 
carbamoylhydroxyamincs, O-carbamoyloximes, aromatic sulfonamides, alpha- 
lactams, N-(2-alJytethcnyl)amides, arylazide compounds, N-urylformamidcs, and 4- 
(ortho-nitrophenyl)dihydropyndmcs. 

The photoacid generators useful in the present invention are any compounds 
which liberate acid upon exposure to light, typically at a wavelength of about 320 to 
420 nanometers, however other wavelengths may be suitable, Suitable photoacid 
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generators include halogenatcd triazines, onium salts, sulfonated esters and 
halogcnated sulfonyloxy dtcarboxiroides. 

Particularly useful halogcnated tria2ines include halomethyl-s-triazines. 
Suitable halogeoated triaztnes include for example, 2-<l'(3,4-benzodioxolyl))^,6- 
bis(trichloromethyI)-l ,2,5-triazinc, 2-(l-(2,3-benzodioxolyl))-4^- 
bis(trichloromethyl)-l ,3,5'triazine, 2-(l-(3,4-bcnzodioxolyl)}-4^- 
bis(tribromomcthyl)-l ,3,5-triazinc> 2-(l -(2,3-benzod ioxolyl))-4,6- 
bis(tribromomethyl)- 1 ,3,5-triazinc, 2-(2-furfy lethylidene)^,6-bis(trichlorom ethyl)- 
l,3,5-triazine r 2K2^5-methy 

2^2-(4-mc4hyIfuryl)ethylidcn^ J ,3,5-triazine, 2-(2-(3- 

mcthylfury!)ethylid^ ,3,5-tria7jne, 2-{2-(4.5- 

dimethylnjKyl)cthylideneH,6-bi^^^ 2-(2~(5- 
meihoxyfory!)ethyIid(tteH f ^ 2-{2-(4' 
mctooxyfury1)eihyHdcnc)^ 2-(2*(3- 
methoxyfijryl)ethylidene)-4,6-bis (trichloromethyO-l^^-lriazinc, 2-{2-{4 ) 5- 
dimethoxy-foo'I)ethylidcne)-4,6-b^ 

furfylethylidcnc)-4,6-bis(lribromorneihyI)-l ,3,5-triozine, 2-(2-(5- 
melbylfury])ethyIidenc)-4,6-b^ 2-(2-{4-methylfuryl)- 
ediylideneH^bisCtnlDromomcthylJ-l^^-triazine^ 2-<2-(3-mcihylfuryI)etbylidene)- 
4,64>is(inbromoraetbyI)-l ^,5-triazine, 2^2^4 t 5-dimethoxyruryl)ethyIidenc)-4,6- 
bb(iribron}omethyl)-l,3,54r^ 

bis(trlbromoinethyl>l ? 3,5-triazine, 2^2<4-mctboxyfuryl)cthylidene)-4 > 64)is 
(trlbromomelbyl)-l , 3,5-triazine, 2-(2-(3-raethoxyfuryI)ethy lidcne>4,6- 
bis(tribromomethy l> 1 ,3,5-tri^ 

bis(tribromomethyI)-l ,3,5-triazine, 2 A6-trisKtrichlororneuiyl)4 f 3,5-triazine, 2,4,6- 
lris^tribrornomethyl)-I,3 ? S-triazine t 2-phenyM,6-bis(tnchloromcthyl)-l > 3 > 5-triazme > 
2-phcnyl-4,6-bis(tribromomethy 1)- 1 ,3,5-triazinc, 2-(4~jnethoxypheny l)-4,6- 
bisCtrichloromediylVl^.S-triazine, 2^4-mcthoxypbenyl)-4,6-bis(tnbrOmornethy))- 
1 ,3,5-triazinc, 2-(l -naphthylH> 6 - b Ktricbloromethyl)-l^ 2-(l-napbthyl)- 
4,6^bts(tribromomeihyl)-l > 3 > 5-triazine, 2~(4-methoxy-l-naphthyl>4,6- 



[DIP-J Classic Kffljg] 

(62) JP 2004-38142 A 2004.2.5 



-20- 

bis(trichloromethy i)-l .3,5 -triazine, 2-(4-methoxy- 1 -naphthyl)-4,6- 
bis(tribromomethyl)-1 ,3,5-trjazinc, 2-(4-chlorophcnyl)^6-bis(tribromomethy !)-! ,3,5- 
triazinc, 2-styryM,6-bis(trichloromethyl)-l ,3,5-triazinc, 2-slyryI-4,6- 
bis(tribromomethyl)-l,3 T 5-tria?:ine y 2-(4-nietho?tystyryI)^,6-bis(trich]oromethyl)- 
1,3,5-triazine, 2^4-mcxhoxyst>TyJH^- bis ( uibromomcth y , )-l ,3,5-trtaanc, 2<3,4,5- 
trimethoxystyiylH.^^isCtrichloromcthyO-I^jS-lriazinc, 2-(3,4,5-trimcihoxystyryI)- 
4,6-bi$(inbfomoracihyl)-l,3,5-iriaz1nc, 2-(3-chloro-l-phcnyl)-4,6- 
bi^trichlororncthyl^l^^-triazine, 2-(3'Chlorophenyi)-4 l 6-bis(tribromomethy|)-l t 3>5- 
triazinc and the like. Other triazine type photoacid generators useful in the present 
invention arc disclosed in US Patent. No, 5,366,846, herein incorporated by reference, 

The s4riazinc compounds arc condensation reaction products of certain 
mclhyl-halomethyl-s-triazines and certain aldehydes or aldehyde derivatives. Such s- 
triazine compounds may be prepared according to the procedures disclosed in U.S. 
Pat No. 3,954,475 and Wakabayashi et ah, Bulletin of the Chemical Soci et y of Japan, 
42,2924-30(1969). 

Onium salts with weakly nucleophilic anions are particularly suitable for use 
as photoacid generators in the present invention. Examples of such anions arc the 
halogen complex anions of divalent to heptavalent metals or non-metals, for example, 
antimony, tin, iron, bismuth, aluminum, gallium, indium, titanium, zirconium, 
scandium, chromium, hafnium, copper, boron, phosphorus and arsenic. Examples of 
suitable onium salts include, hut are not limited to: diaryl-diazonium salts and onium 
salts of group VA and B, HA and B and I of the Periodic Table, for example, 
halonrum salts, quaternary ammonium, phosphonium and arsonium salts, aromatic 
sulfonium salts and sulfoxonium salts or selenium salts. Examples of suitable onium 
are disclosed in US Patent Nos. 4,442,197; 4,603,101; and 4,624,912, all incorporated 
herein by reference. Sulfonium salts such as triphcnylsulfonium hcxafluorophosphalc 
are preferred. 
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The sulfonated esters useful as pbotoacrd generators in the present invention 
include sulfonyloxy ketones. Suitable sulfonated esters include, but are not limited to: 
benzoin tosylatc, t-butyJphenyl alpha-(p-tolucncsulfonyloxy)-acetate, and t-butyl 
a!pha-(p-to)uenesuIfonyloxy)-acctate. Such sulfonated esters are disclosed in the 
Journal of Photopolvmer Science and Technology, vol. 4, No. 3,337-340 (1 991), 
incorporated herein by reference. 

Suitable halogenated sulfonyloxy dicarboximides useful as photoacid 
generators in the present invention include, but are not limited to: 
l(((trifluoromethyl)sulfo^^ 

((perfluorcKx:lancsulfonyl)ox N- 
((trifluoromcthylsu]fonyl)oxy)-5^on^ 1- 
(((trifluoromcthyl)sulfonyl^^ 

(((uifluoromethyl)sWonyl)oxy)^^ 2-^ 
(((trifluonm»ethyl)sulfonyI)oxy)-lH-beiiz(Oisoi 3,4-dimethyl-l- 
(((trifluoromethyr)suIfonyl)oj^)-iH-pyiTo!e-2 t 5-dione;2- 
(((trifluoromethyl)sulfonyI)oxy)-l I l-isoindole-l ,3(2H>dione; 2- 
(((trifluoromethyl)sulfonyl)oxy)-l H-bcn*(de)isoquino1ine-l , 3(2H)-dione; 4 f 5,6, 7- 
tctrahydn>-2-(((uTl]uorom^ I)-**' 01 * 6 '- i^AJt^ 

tetrahydrc>-2K((triflu^^ 

2,6-bis-(((trifluoromeihyl)sul fonyl)oxy)-benzo(1 ^-c^^-c^dipyrrolc- 1,3,5, 7(2H,6H>- 
tetrone; hcxahydix>-2,6^bis<((trifluoro 

pyrrolo(4 > 4'g)isoquinoJine- 1 r 3,5,7(2H,3aH,6I l)-telrone; 1 ,S,8-trimethyl-3. 
(((trifluoromethyQsulfc^yl)^^^ 4,7-dihydro-2- 
(((trifluoromethyl)sulfonyl)oxy)^ M*- 
naphthalenylH-phcnyl-M((trifluorome^ 

3,4^iphenyl-M((trifluoromethyl)sulfo7iyl)oxy)-l H-pyrroJe-2,5-dionc; 5,5*-(2,2,2- 
irifluoro-Hnifl!uoromcthyi)e^ 

isotndole-1 ,3(2H)-dione; ietrahydro^-(((trifluoromelhy^^^^ 
2H-oxireno(f)isoindolc-3,5(laH,4H)-dione; 5,5 '-oxy bis-2- 
(((trinuoromethyl)sulfonyi)oxy).lH-isoindoIc-l,3(2H)-dione; 4-methyI-2- 
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({(trifluon>memyl)sulfonyI^ 3^,4,4-ictramethyl-l- 
(((trifluoromethyl)sulfonyl)oxy)-2,5-pyrro|jdinedionc and mixtures thereof. It is 
preferred that the halogcnated sulfonyloxy dicarboximides comprise one or more of 
1 {((trifluoromethy t)sulfony i)oxy)- 1 H-pyrrole^S-dionc; N- 
((perfluorooctancsulfonyl)oxy)-5~noib<>mcr^ N- 
((trifluoromemy$suIfonyl)oxy)-^^ and 1- 

(((trifluoromeihyl)sijlfonyl)oxy)-2,5-pyiToHdinedioTie, and more preferably N- 
((pcrfluorooctanesuIfonyl)oxy)-5-norboraenc-2,3«dicarboximide or "NJ- 
((trifluoromcthylsvlfonyl)oxy)-5-norbomenc-2 f 3-dicaitK>ximide. 

In positive-acting systems of the present invention, the photoactive 
components are typically added to photoimageable compositions in an amount 
sufficient to generate a latent image in a coating layer of resist material upon exposure 
to activating radiation. When the photoactive component is a photoacid generator, the 
amount is typically in the range of 0.1 to 10 percent by weight, based on the weight of 
the resin, and preferably 1 to 8 percent by weight 

In negative-acting systems of the present invention, the amount of photoactive 
component useful is any amount sufficient to catalyze cross-linking of the silicon- 
containing polymer or oligomer. The photoactive components are typically used in 
the range of 0.1 to 25% by weight, based on the weight of the composition. It is 
preferred that the photoactive component is present in an amount in the range of 0.1 to 
15% by weight, more preferably in the range of 0.1 to 12% by weight, and still more 
preferably less than or equal to 5% by weight. A particularly suitable range is from 
0. 1 to 5% by weight. 

The compositions of the present invention may optionally contain one or more 
organic cross-linking agents. Negative-acting systems of the present invention 
preferably include one or more CTOss-linking agents. Any aromatic or aliphatic cross- 
linking agent that reacts with the silicon-containing polymer or oligomer is suitable 
for use in the present invention. Such organic cross-linking agents will cure lo form a 
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polymerized network with the silicon-containing polymer or oligomer, and reduce 
solubility in selected solvents, Such organic cross-linking Agents may be monomers 
or polymers. It will be appreciated by those skilled in the art that combinations of 
cross-linking agents may be used successfully in the present invention. 

Suitable organic cross-linking agents useful in the present invention include, 
but are not limited to: amine containing compounds, cpoxy containing materials, 
compounds containing at least two vinyl ether groups, ally! substituted aromatic 
compounds, and combinations thereof. Preferred cross-linking agents include amine 
containing compounds and epoxy containing materials. 

The amine containing compounds useful as cross-linking agents in the present 
invention include, but are not limited to: a melamine monomers, mclamine polymers, 
alkylolmcthyl melamincs, benzoguanamine resins, benzoguanamine-formatdenyde 
resins, urea-formaldehyde resins, grycoliml-formaldehyde resins, and combinations 
thereof. These resins may be prepared by the reaction of acrylamide or 
mcthacTylamide copolymers with formaldehyde in an alcohol-containing solution, or 
alternatively by the copolymcrization of N-alkoxymclhylacrylamide or 
methacrylamide with other suitable monomers. Particularly suitable amine-based 
crosslJnkers include the mclatnines manufactured by Cytec of West Paterson, New 
Jersey, such as CYMFl™ 300, 301 , 303, 350, 370, 380, 1 1 16 and 1130; 
benzoguanamine resins such as CYMEI™ 1 123 and 1 1 25; the grycoluril resms 
CYMEL™ 1170, 1171 and 1 172; and the urea-based resins BEETLE™ 60, 65 and 80, 
also available from Cytec, West Paterson, New Jersey. A large number of similar 
amine-based compounds arc commercially available from various suppliers. 

MelamSnes are the preferred amine-based cross-linkers. Particularly preferred 
are alkylolmcthyl melarninc resins. These resins arc typically ethers such as 
trialkyblmethyl melamine and hexaalkyloi methyl melamine. The alky! group may 
have from 1 to 8 or more carbon atoms but is preferably methyl. Depending upon the 



[DIP-J Classic Kfflffi] 

(66) 3P 2004-38142 A 2004.2.5 



24- 



reaction conditions and the concentration of formaldehyde, the methyl ethers may 
react with each other to form more complex units. 

Particularly suitable aminc-based cross-linking agents include those of 
formula IV 



N) y r" f — ^ 



/ N (, V ) 

wherein R n and R 12 are independently selected from H, (Cj-C 6 )alkyl and phenyl. 
Preferred alky] groups for R u and R l * arc methyl and propyl. 



Epoxy containing materials useful as cross-linkers in the present invention are 
any organic compounds having one or more oxiranc rings that are polymerizable by 
ring opening. Such materials, broadly called epoxides, include, but are not limited to: 
monomeric epoxy compounds, and polymeric epoxides that may be aliphatic, 
cycloaliphatic, aromatic or heterocyclic. Preferred epoxy cross-linking materials 
generally, on average, have at least 2 polymerizable epoxy groups per molecule. The 
polymeric epoxides include linear polymers having terminal epoxy groups (e.g., 
diglycidyl ether of a polyoxyalkylene glycol), polymers having skeletal oxiranc units 
(c-g., polybutadiene polycpoxide), and polymers having pendant epoxy groups (e.g., 
glycidyl mcthacrylatc polymer of copolymer). The epoxides may be pure compounds 
but are generally mixtures containing one, two or more epoxy groups per molecule. 

Useful cpoxy-containing materials may vary from low molecular weight 
monomeric materials and oligomers to relatively high molecular weight polymers and 
may vary greatly in the nature of their backbone and substitucnt groups. For example, 
the backbone may be of any type and substUuent groups may be any group free of any 
substimcnts reactive with an oxirane ring at room temperature. Suitable substituents 
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include, but ore not limited to: halogens, eslcr groups, ethers, sulfonate groups, 
siloxanc groups, nitro groups, phosphate groups, and the like. 

Particularly useful epoxy containing materials in the present invention include 
glycidyl ethers. Examples are the glycidyl ethers of polyhydric phenols obtained by 
reacting a polyhydric phenol with an excess of chlorohydrin such as epichlorohydrin 
(e.g., the diglycidyl ether of 2»2-bis-(2,3-cpoxypropoxypbenoOpropane). Such 
glycidyl ethers include bisphenoi A epoxides, such as bisphenoi A cthoxylatcd 
diepoxide. Further examples of epoxides of this type arc described in U.S. Pat. No. 
3,018,262, herein incorporated herein by reference to the extent this patent teaches the 
preparation of such epoxides. 

Suitable epoxides useful in the present invention include, but arc not limited 
to: epichlorohydrin, glycidol, glycldylmelhacrylate, the glycidyl ether of p- 
tertiarybutylphcnol (e.g., those available under the trade name EPl-REZ 5014 from 
Celanese); diglycidyl ether of Bisphenoi A (e.g., those available under the trade 
designations Epon 828, P.pON 1004 and Epon 1 010 from Shell Chemical Co.; and 
DER-331, DER-332 and DER-334 from Dow Chemical Co.), vinylcydohexene 
dioxide (e.g., ERL-4206 from Union Carbide Corp.), 3,4-cpoxy-6-methyl- 
cyclohexylmcthyl-3,4-epoxy-6-methy]cyclohexcnc carboxylate (e.g., ERL-4201 from 
Union Carbide Corp.), bts(3 > 4-epoxy-6~methylcyclohexylmcthyl) adipate (e.g., BRL- 
4289 from Union Carbide Corp.), bis(2,3HspoxycyclopentyI) ether (e.g., ERL-0400 
from Union Carbide Corp.), aliphatic epoxy modified with polypropylene glycol (e.g., 
ERL-4050 and ERL-4269 from Union Carbide Corp.), dipentene dioxide (e.g., ERL- 
4269 from Union Carbide Corp.), flame retardant epoxy resins (e.g., DER-580, a 
brominatcd bisphenoi type epoxy resin available from Dow Chemical Co,), 1,4- 
butancdiol diglycidyl ether of phenol formaldehyde novolak (e.g., DEN-43I and DEN- 
438 from Dow Chemical Co.), and resorcinol diglycidyl ether (e.g., KoPOXim from 
Koppers Company, Inc.). 
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Compounds containing at least two vinyl ether groups Include, but arc not 
limited to divinyl ethers of aliphatic, cycloalipbatic, aromatic or araliphatic diols. 
Examples of such materials include divinyl ethers of aliphatic diols having from 1 to 
12 carbon atoms, polyethylene glycols, propylene glycols, polybutylene glycols, 
dhnethylcyclohcxanes, and the like. Particularly useful compounds having at least 
two vinyl ether groups include divinyl ethers of ethylene glycol, trimethylcne-1,3- 
diol, diethylene glycol, trielhylene glycol, dipropylcne glycol, tripropylcnc glycol, 
resorcinol, Bisphenol A, and the like. 

Suitable allyl substituted aromatic compounds useful as cross-linkers in the 
present invention are those containing one or more allyl substitucnts, that is, the 
aromatic compound is substituted at one or more ring positions by the allylic carbon 
of an alkylene group). Suitable allyl aromatics include allyl phenyl compounds, such 
as on allyl phenol. An allyl phenol crosslinkcr can be a monomer or polymer that 
contains one or more phenol units where the phenol units are substituted at one or 
more ring positions by an allylic carbon of an alkylene group. Typically the alkylene 
substitutes) is propenyl, i.c, the phenol has one or more propenyl substitucnts. 
Preferred allyl phenols include a polycondcnsate of phenol and hydroxybcnzaldchyde 
and an allylhalide such as allylchloride. A number of suitable allyl phenols are 
commercially available, for example the allyl phenol sold under the trade name 
Thermax SH-150AR by Kennedy and Klim, Inc. (Little Silver, N.J.). Allyl phenyl 
compounds including allyl phenols are also described in U.S. Patent No. 4,987,264, 
herein incoipoiatcd by reference to the extent this patent teaches the preparation of 
such compounds. 

Particularly suitable organic cross-linking agents include those containing one 
or more melhoxymethyl groups, such as methoxym^thyl-subslituted melamincs and 
methoxymcthyl-svibsthutcd glycotirils such as those of foimula IV, above. 
Hcxamethoxymethylmelamine is a preferred methoxymethyl-substituted mclaminc. It 
is further preferred that one or more of the hydrogens of the organic cross-linking 
agent, and more preferably one or more of the methyl hydrogens in the 
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methoxymcthyl substituent, is substituted wilh a halogen, preferably fluorine. Thus, 
preferred cross-linkers include those containing one or more methoxyfluoromethyl 
and/or methoxydifluoromethyl substiniente. Exemplary preferred fluorinated cross- 
linking agents include mclhoxynuoromethyJ- and metboxydifluoromcthyl-substituted 
melamincs and glycourils, such as hexamethoxyfluoromcmylmelamine and 
hexamcthoxydifluororacmylmclamine. Also suitable are fluorinated cpoxy cross- 
linking agents. For certain applications, It is preferred that the cross-linking agent is 
fluorinated. 

The compositions of the present invention may suitably comprise only a single 
type ororganic cross-linker, e.g., only an amine containing cross-linker, or may 
contain two or more different cross-linkers. When a combination of organic cross- 
linkers is used in the present invention, it is preferred that the combination include an 
amine containing compound and an cpoxy containing compound. The concentration 
of organic cross-linking agents in the compositions of the present invention may vary 
within a relatively wide range. It will be appreciated by those skilled in the art that 
suitable organic cross-linker concentrations will vary with factors such as ctoss-linker 
reactivity and specific application of the composition. Typically, the cross-linking 
agent(s) is present in an amount in the range of 0.1 to 80% by weight, based on the 
total weight of the composition, preferably in the range of 0.5 to 50%, and more 
preferably in the range of I to 25%. It is preferred that a cross-linking agent is used in 
the compositions of the present invention. 

The photoimageablc compositions of the present invention may optionally 
further include one or more additional components, including., but not limited to, 
solvents, anti-striation agents, plasticfccrs, surfactants, base additives, speed 
enhancers, fillers, dyes and the like. In positive-acting systems, a base additive is 
typically used to adjust the photospecd of the composition. Such optional additives 
will be present in relatively minor concentrations in a photoresist composition except 
for fillers and dyes which may be used in relatively large concentrations, e.g. in 
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amounts of from about 5 to 30 percent by weight, based on the total weight of the 
composition's diy components. 

The photoimageablc compositions of the present invention may be readily 
prepared by those skilled in the art. For example, a photoresist composition of the 
invention can be prepared by dissolving the components of the photoresist, i.e. 
polymer binder and photoactive component, in a suitable solvent Such suitable 
solvents include, but are not limited to: ethyl lactate, ethylene glycol monomcthyl 
ether, ethylene glycol monomethyl ether acetate, propylene glycol monomethyl ether, 
propylene glycol monomethyl ether acetate, 3-ethoxycthyl propionate, 2-heptanone, y- 
butyrolactone, and mixtures thereof. 

Typically, the solids content of the photoresist composition varies from about 
5 to about 35 percent by weight, based on the total weight of the composition. The 
resin binder and photoactive components should be present in amounts sufficient to 
provide a film coating layer and formation of good quality latent and relief images. 

Such photoresist compositions may be applied to a substrate by any known 
. such as spinning, dipping, roller coating and the like. When the compositions 
applied by spin coating, the solids content of the coating solution can be adjusted 
to provide a desired film thickness based upon the specific spinning equipment 
utilized, the viscosity of the solution, the speed of the spinner and the amount of time 
allowed for spinning. 

As discussed above, the present photoimageablc compositions are particularly 
suitable for use as a top layer in a bilayer photoresist system. In such a system, a - 
bottom layer of a conventional photoresist, such as novolac polymer based resist, inert 
polyarytethcr-sulfonc copolymer based resist or a novolac or polyhydroxystyrenc- 
based thermally cross-linkable system. Such bottom layer is typically applied to or 
coated on a substrate using any of the above described procedures. The bottom layer 
is then hard baked such as at 230* C for 2 minutes, after which the present 



means, 
arc 



[DIP-J Classic IKfflfS] 

1 vn,mw -' (71) 3P 2004-38142 A 2004.2.5 



■29- 



photoimageablc compositions are coated on the cured bottom layer. The bottom 
layers preferably contain an amount of a UV absorbing component, such as an 
anthracene, phenyl or naphthlene dye, sufficient for optical density and etch 
performance. The bottom layers typically have a thickness of from 0.4 to 1 fun. The 
top layer or the present photoimagcable compositions is typically from 0.05 to 1 um 
thick, preferably from 0.1 to 0.5 pm, and more preferably from 0.1 to 0.3 um. 

After being coated on the bottom layer, the present photoimageablc 
composition top layer is dried by heating (baked) to remove any solvent. It is 
preferably dried until the coating is tack free. Thereafter, It is imaged through a mask 
in a conventional manner. The exposure is sufficient to effectively activate tbe 
photoactive component of the photoresist to produce a patterned image in the resist 
coating layer, and more specifically, the exposure energy typically ranges from about 
I to 100 mJ/cm 2 , dependent upon the exposure tool and tho components of the 
photoresist composition. 

The photoimageablc compositions of the present invention may be activated 
by a variety of exposure wavelengths, such as 248, 193, 157 nm and 1 1-15 nm. 
However, the photoimageable compositions of the present Invention may be used with 
other radiation sources, such as, but not limited to, visible, c-beam, ion-beam and x- 
ray. 

Following exposure, the film top layer of the composition is preferably baked 
at temperatures ranging from about 70° C to 160° C. Thereafter, the top layer film is 
developed to form an etch pattern. The exposed resist film is rendered positive 
working by employing a polar developer, preferably an aqueous based developer, 
such as quaternary ammonium hydroxide solutions, such as tetra-alkyl ammonium 
hydroxide, preferably a 0.15 to 026 N tetramethylammonium hydroxide; various 
amine solutions, such as etbylaminc, n-propylamine, diethylamine, triethylamme or 
methyl diethylamine; alcohol aminos, such as diethanolaminc, triethanolamine; cyclic 
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amines, such as pyrrole, pyridine, and the like. One skilled in the art will appreciate 
which development procedures should be used for a given system. 

The pattern is next transferred to the underlayer or bottom layer by etching, 
such as with an oxygen reactive ion etch process. After such processing, the resists, 
both top and bottom layers, may be removed from the processed substrate using any 
stripping procedures known in the art 

The present photo imagcable compositions are useful in all applications where 
photoresists are typically used. References herein to a photoresist composition is 
inclusive of all such applications. For example, the compositions may be applied over 
silicon wafers or silicon wafers coated with silicon dioxide for the production of 
microprocessors and other integrated circuit components. Aluminum-aluminum 
oxide, gallium arsenide, ceramic, quartz, copper, glass, spin-on organic dielectrics, 
spin-on or chemical vapor deposited inorganic dielectrics, and the like arc also 
suitable employed as substrates for the photoresist compositions of the invention. 
Other chemical vapor deposited layers, such as cap layers, etch stops and the like, 
may also be used as substrates. 

Photoresist compositions also will be useful as a photoimagcable dielectric 
layer (ILD). 

Alternatively, the present compositions may also be used in optoelectronics 
applications, such as in the manufacture of optica) waveguides. By "optical 
waveguide" is meant any device that transmits optical radiation across a two- 
dimensional substrate surface. Suitable optical waveguides include, but are not 
limited to, splitters, coupler?, spectral filters, polarizers, isolators, wavelength division 
multiplexing structures, and the like Such waveguides may also contain active 
functionality, such as amplification and switching such as with electro-optic, Ihermo- 
optic or acousto-optic devices. To be useful as amplifiers, the present waveguides 
typically contain cne or more dopants. Erbium is an exemplary dopant. Such dopants 
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are well known in the ait. Thus, the present waveguides suitable for use as amplifiers 
contain one or more dopants. 

The waveguides of the present invention may be manufactured as individual 
waveguides or as an array of waveguides. Whether such waveguides are prepared as 
an array depends on the particular use and is within the ability of one skilled in the art. 

In one embodiment, optical waveguides may be prepared by first disposing a 
layer of the present compositions on a substrate by any means including, but not 
limited to, screen coating (or screen printing), curtain coating, roller coating, slot 
coating, spin coating, flood coating, electrostatic spray, spray coaling, dip coaling or 
as a dry film. When the compositions of the present invention are spray coated, a 
heated spray gun may optionally be used. The viscosity of the composition may be 
adjusted to meet the requirements for each method of application by viscosity 
modifiers, thixotropic agents, fillers and the like. Any substrate suitable for 
supporting a waveguide may be used with the present compositions. Suitable 
substrates include, but are not limited to, substrates used in the manufacture of 
electronic devices such as printed wiring boards and integrated circuits. Particularly 
suitable substrates include laminate surfaces and copper surfaces of copper clad 
boards, printed wiring board inner layers and outer layers, wafers used in the 
manufacture of integrated circuits, liquid crystal display (*LCD") glass substrates and 
the like. 

The coated substrate is typically then cured, such as by baking, to remove any 
solvent. Such curing may be a variety of temperatures, depending upon the particular 
solvent chosen. Suitable temperatures are any that arc sufficient to substantially . 
remove any solvent present. Typically, the curing may be at any temperature from 
room temperature (i.e., 25* C) to 170° C. Such curing typically occurs over a period 
of from 5 seconds to 30 minutes. Such curing may be affected by heating the 
substrate in an oven or on a hot plate. 
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Aftcr curing, the layer of the present composition disposed on the substrate is 
then imaged by exposure to actinic radiation through appropriate artwork or a mask. 
Following exposure, the composition is then cured at a temperature of from 40* to 
170° C. Curing time may vary but is generally from about 30 seconds to about 1 hour. « 
While not intending to be bound by theory, it is believed that upon exposure to actinic 
radiation the silscsquioxane oligomer cross-links, particularly with ihc optional cross- 
Unking agent. The exposed areas arc rendered less soluble than the unexposed areas. 
Thus, the unexposed areas may be removed, such as by contact with a suitable 
solvent, aqueous developer or solvent-water mixture, leaving only the exposed areas 
remaining on the substrate. Suitable aqueous developers include alkali metal 
hydroxides such as sodium hydroxide and potassium hydroxide in water as well as 
tetraalkylammonium hydroxide in water. Such developers arc typically used in 
concentrations from 0.1 to 0.3 N, such as 0.15 to 0.26 N ictramethylammonium 
hydroxide in water. The choice of developer is well within ihc ability of those skilled 
in the art Such development may be at a variety of temperatures such as from room 
temperature to about 1 00° C. The time of such development depends upon the 
material to be removed and the temperature used, but is generally from about 10 
seconds to about 1 hour. 

Following development, the present waveguides may undergo a final cure 
step, or re-flow step. In such final cure step, the waveguides may be heated at a 
temperature in from about 130° to 225° C in air or inert atmospheres such as nitrogen 
or argon. Such final cure step aids in removal of residual solvent, removal of 
hydroxyl groups from the silscsquioxane polymer such as by increasing the extent of 
cross-linking, alter the waveguide profile such as to reduce surface roughness, and 
improves the optical transmission properties of the material. 

Optical waveguides typically have a core and a cladding, wherein the cladding 
has a lower index of refraction as compared to the core. Particularly useful 
waveguides have core having an index of refraction of from 1 .4 to 1 .55. Typically, 
suitable cladding has an index of refraction oF from 1 .3 to 1.54. 
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It is preferred that a cladding layer is first deposited on a substrate. If the 
cladding layer is photocurable or thermocurable, it may be blanket cured as a first 
Step. The photodefinablc core material is then deposited on the cladding layer, 
imaged and the unexposed areas optionally removed. A second cladding layer is then 
deposited on the imaged waveguide. The second cladding layer may be the same or 
different from the first cladding layer. However, the indices of refraction of the first 
and second cladding layers should be the same. The second cladding layer is then 
cured, or imaged in the case of a photocurable cladding composition, to provide a 
waveguide structure. 

Thcsilsesquioxane oligomers and polymers of the present invention are 
suitable for use in the cladding and/or core of the present optical waveguides. 
Preferably, the present photodefinablc compositions are used to prepare cores for 
optical waveguides. It will be appreciated that the refractive index of a 
photodefinable composition including a present sibesquioxanc oligomer and one or 
more organic cross-linking agents may be modified by changing the amount and type 
of the one or more cross-linking agents selected and/or photoactive component Thus, 
the present compositions may be useful as core or cladding material depending upon 
the type and quantity of cross-linking agents selected. 

All documents mentioned herein are incorporated herein by reference. The 
following non-limiting examples are illustrative of the invention. 

Example 1 ; Polymer synthesis 

A solution of known amounts of 1,4-phenylcnediaminc, trielhylammc and 
excess THF was added drop wise to a three necked flask containing known amount of 
alkyl substituted trichlorosilane in known amount of toluene at-i5*C. This solution 
was stirred for 30 min at low temperature (~15°C) after which aknown amount of 
water and triethylamine and THF were added drop wise to the flask at -5*C. This 
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mixture was stirred at this temperature for additional 3 b then washed with water until 
neutral and dried with anhydrous sodium sulfate overnight 

The final solution from the above reaction was .stirred in the presence of 
molecular sieves (4 angstroms) and a catalytic amount of triethylamine at 50°C for 72 
h. After 72 h, the polymer solution was washed with water until neutral and the 
solvent was distilled ofT. The solid polymer was dissolved in minimum amount of 
THF and precipitated in water (twice) and dried in vacuum at 50°C for 24 h. 

Example 2: Photoresist preparation and lithographic processing. 

A preferred bilaycr resist composition was prepared and processed as follows. 

Top layer 

The top resist layer was formulated at 10 weight percent solids. The following 
components were admixed to provide the resist composition: polymer, base additive, 
surfactant, and photoacid generator component. 

Polymer, base additive (Troger's base) and surfactant (RO-8 surfactant) were 
added as solutions of propylene glycol methyl ether acetate (PGMEA). The 
photoacid generator was added as a solution in ethyl lactate. The final solvent blend 
of the formulated resist was 90:1 0 v/v PGMEA:ethyl lactate. The polymer was as 
produced in Example 1 above, The photoacid generator component consisted of 
MDT in an amount of 6.5 weight percent of total solids (all resist components except 
solvent) and t-butylphenyldiphenyl sulfonlum trifluorobenzenesulfonate in an amount 
of 2.9 weight percent based on total solids. 1he base additive (Troger's base) was 
present in an amount of 0.563 weight percent based on total solids. The surfactant (R- 
08; from 3M) was present in an amount of 0.2 weight percent based on total solids. 
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Dottom layer 

The bottom layer composition was formulated at 18.26 weight percent solids. 
AH components were added as solutions in either PGMEA or ethyl lactate, with a 
final solvent blend of 80:20 v/v PGMKA:ethyI lactate. 

The bottom layer composition consisted of components of polymer, 
crosslinker, thermal acid generator and surfactant. The polymer component consisted 
of a resin blend of a phenolic novolac resin and a copolymer containing anthracene 
methyl acrylatc, hydroxy! ethyl methacrylatc and methyl mcthacrylatc. The 
crosslinker was a benzaquanamine resin (Cymel 1 170) which was present as 15 
weight percent of total solids of the bottom layer composition. The thermal acid 
generator was Nacurc 5524 which was present as 4 weight percent of total solids. The 
surfactant was R-08 which was present as 03 weight percent of total solids. 

The compositions were lithographically processed as follows. The bottom 
layer composition was spin coated onto silicon wafers and cured at 175°C for 60 
seconds to provide coating layers of 5100 angstrom thickness. The top layer 
composition was then spin coated over the bottom layer and soft-baked at 90 Q C for 90 
seconds. The applied resist layer was then exposed to 248 nm radiation through a 
photomask, post-exposure baked at 90oC for 90 second, aad developed with 0.26 N 
aqueous alkaline solution (45 second single puddle) to provide a relief image. 

Example 3: Polymer synthesis. 
Part i. Acetylation of NB-HF-OH (A): 
Step 1: Acetylation of NB-HFOH 
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NB-HFOH (A) olefin was acctylatcd using acidic anhydride in presence of 
dirnethylaminopyridine (DMAP) in tetrahydrofiron (TMF) at room temperature. The 
conversion of the olefin was monitored by gas chromarography (GC). The reaction 
went to near completion (> 99 %) in 4 hr. After the reaction, the TIIF was removed by 
distillation and the crude viscous oil was dissolved in methylene chloride and 
extracted with sodium bicarbonate solution and then washes with water till the 
solution become neutral. Separated the methylene chloride layer and evaporated under 
vacuum yielding the product NB-KFOAc (B) as a clear viscous oil. B was 
characterized by l H, ,3 C t l9 F NMR. 

Part 2. Hydrosilylation of NB-HFOAc B: 

Step 2: HydrosllyfationofNB-HFOAc 




Compound B was hydrosilylated with HSiCb using Karstedl's catalyst (Pi ) in 
the presence toluene as solvent at 50°C for 36 h leading to the product C Nearly 85% 
conversion was observed under this conditions. The hydrosilylated NB-HFOAC (C) 
was distilled out as a white solid and was characterized by hi, 13 C, l9 FNMR~ 

Part 3. Polycondensation of C and D: 



Step 3: Polycondensation of t-butylNB estcr/NB-H FOACj 



Compounds C and D were polycondcnzcd using template method and the 
experimental procedure for this method is as follows 
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A solution of known amounts of 1,4-phenylenediamine, tricthylaraine and 
excess THF was added drop wise to a three necked flask containing known amount of 
alky! substituted trichlorosilanc in known amount of toluene at~15 6 C. This solution 
was stirred for 30 min at low temperature (-)5°C) after which a known amount of 
water and triethylaminc and THF were added drop wise to the flask at -5°C This 
mixture was stirred at this temperature for additional 3 h then washed with water until 
neutral and dried with anhydrous sodium sulfate overnight. 

The final solution from the above reaction was stirred in the presence of 
molecular sieves (4 angstroms) and a catalytic amount of tnethylamine at 50 P C for 72 
h. Upon completion of polycondcnsation reaction the sieves were filtered off and the 
polymer solution was washed with 5% acidic acid (3 x 1 00 ml) and then washed with 
DI water till the solution become neutral and evaporated the solvent (toluene). This 
polymer (E) was characterized by 'l I, l9 F NMR, HPLC, GPC. 

Part 4. Dcactylation of protected copolymer E: 

Step 4: Deacetylation of Acetoxy copolymer 

tr-rr+r tntn 

E F 

The acetoxy copolymer was subjected to deprotcctlon using ammonium 
acetate/water in isopropyl alcohol under reflux for 12 hr. After 12 hr, the final 
polymer (F) was precipitated in water and it was characterized by 'H, **F NMR, 
HPLC, GPC, 

The foregoing description of the invention is merely illustrative thereof, and it 
is understood that variations and modification can be made without departing from the 
spirit or scope of the invention as set forth in the following claims. 
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1 Abstract 

New methods are provided for synthesis of polysiloxancs (silscsquioxanes) 
and photoresists comprising same. Synthetic methods of the invention include use of 
a polymerization templating reagent that has multiple reactive nitrogen groups, 
particularly a diamine reagent 



2 Representative Drawing 
Nothing 



